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1. MAmr of the Students attending the Experimental Philosophy 
Class5 being but imperfectly familiar with the English langoage, 
it was often felt by the lecturer as serious discouragement^ that 
while proceeding with his subject, some of his audience were 
striving laboriously, and with indifferent success, to keep up 'with 
him, whilst others were* stumbling on hopelessly behind. In order 
to overcome this difficulty a Syllabus was drawn up and printed 
by order of Government, in the beginning of this year, 1848. 
The work was then much more limited, both in scope and in 
detail than it is now ; it was necessary at the outset to be more 
elementary too, since the subject was mostly new ; at present the 
Students are apt and ready, and better prepared with elementary 
knowledge. The first edition was soon exhausted, and a second, 
enlarged, one was brought out about the end of the following 
year. The second edition having also become exhausted, the 
opportunity afforded by my being in England on account of ill 
health, was availed of to get a third, and still more enlarged, 
edition printed, which has now been accomplished. 
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2. It may not be useless^ or out of place, to give here a brief 
sketch of the origin, progress, and expansion of the lectures; 
since the future historian, who would trace the sources of de- 
velopment and regeneration of the Hindu and Mahomedan mind, 
may be thereby guided to some of the elements of progress con- 
cerned in the result 

3. The lectures were first instituted in 1845, at a time when 
the apparatus was very defective, and of inferior quality ; as it 
was moreover a rule observed in the College, and rarely it is 
believed departed from, not to undertake any thing which could 
not be completely accomplished, they were necessarily at first 
limited in number and scope. The rule, apart from its general 
excellence, was, under the drcTunstances of the students, es- 
pecially imperative; for it was foreseen that one efiect of the 
lectures, properly directed, must be to undermine that large class 
of superstitions and errors, prevalent in India, which appeal to 
natural phenomena misunderstood or misinterpreted, and thus to 
clear the ground for the dissemination of accurate knowledge and 
wholesome faith. A result so important could scarce be antici- 
pated from a direct attempt to displace beliefs, inveterate and 
morticed with habits, feelings, and affections, by other beliefs and 
startling paradoxes, such as to them must Appear natural phe- 
nomena or laws, described but not demonstrated. Native Students 
acknowledge demonstration with candour and alacrity, but are 
sceptical of mere dogmatism. The inconvenience was not long 
experienced however, nor the deficiencies of long continuance. 
The warm interest in the proceedings taken by the Lieutenant 



Governor, the Hon. James Thomason, soon enabled the College 
to possess itself of a Philosophical Apparatus, not surpassed, if 
equalled, any where else in India, either in respect of completeness 
or quality. As if still more to mark his approbation of these 
lectures, and to evince his belief in their usefulness, he caused a 
theatre to be built and fitted up for their delivery, capable of 
accommodating 300 spectators. 

4. To produce very marked effects upon a people so great in 
age, so rank in error, so strong in prejudice; when consequently 
the work of undoing is so heavy, and so essential, must needs have 
time ; but that the lectures have so far realized the expectations 
formed of them to an important extent, is certain. They are to 
be heard of any where throughout the North West Provinces ; 
and the College, its apparatus and experiments, have become 
sights which Indian travellers of all denominations take care to 
visit Native artizans now find profitable employment in meeting 
a growing demand, amongst Native gendemen of wealth, for 
apparatus, especially of a galvanic and electrical kind, in the 
fabrication of which they have become surprisingly skilftd. The 
College Moolvas and Pundits are to be seen unfailing in their 
attendance at the lectures, and most attentive amongst attentive 
listeners. One of the Pundits, renowned for his learning and 
orthodoxy, dwelling one day upon the marvels which he had 
witnessed, was heard to remark, ** Our Gods brought us power, 
greatness, and goodness; but the English have brought us 
science.'* 
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for its effectiye discussion^ and adequate illustration^ are available. 
It may not be out of place to mention^ that throughout the 
physical course eyery third lecture day — there being two such 
days in a week — ^is devoted to an interrogative lecture^ the nature 
of which is described in the following paragraph. 

9. The class being formed^ a student is^ without foreknowledge 
on his part, called up in his place, and one or more questions 
put to him on the subject of the two previous lectures. The 
answers which he may give are enlarged upon, and extended if 
necessary, by the Professor, in the familiar manner which this 
mode of discussion permits; and thus the points in question 
become more accurately comprehended, perhaps, than during 
more formal treatment This process is followed up from student 
to student, till the lecture hour ends, the subjects having been, 
in the mean time, all brought under review. Other advantages, 
too, arise from this plan. The mode of examination, for instance, 
induces reference and enquiry on the part of most of the students, 
that they may avoid a display of ignorance and inferiority in the 
trial of skill with their fellows : while an opportunity is afforded 
to the Professor, of dwelling upon points which may appear to 
him to have been not thoroughly developed, or imperfectly under- 
stood by his class, during lecture. 

10. Care is always taken during the examinations to adapt 
the scope and difficulty of the question to the student under 
interrogation. To the duH, or less attentive, most of the small 
and easy questions are put ; the difficult ones being reserved to 



the more intelligent By this management the attention of the 
former class is kept awabe^ the intelligence of the latter stimu- 
lated^ and both encouraged. 

11. A few mathematical demonstrations^ on important points, 
not otherwise accessible, — or if so, at least in a form too difficult 
for the juniors of the class, were thrown together in an Appen- 
dix, together with questions bearing on several of the chapters ; 
in the hope that the thought, necessary to the solution of the 
latter, might assist in familiarising students with the principles in- 
volved. The advantages which have arisen from this arrangement 
have ftdly answered my expectation. To the more advanced 
youths the questions famish entertainment; to the others, occa- 
sion for agreeable effort I soon found, indeed, that more than 
one had solutions of all the questions ready for the press, and 
were eager that they should be printed; a proposal which was 
not however encouraged, since the intellectual exertion, mastery 
of principles, and self reliance, which unaided and unsuggested 
solution ensures, would thereby be endangered. 

J. M. 



London, June, 1857. 



INDEX. 



INTRODUCTION. 



Para. - Page 

1. The interest attaching to Philosophical experiments, and proper applica- 



tion of them. Obligations of students. 

2. The importance of a right knowledge of Nature.. - - . - 

3. The distance of the fixed stars. Multitude of comets. Prevalent re- 

sisting medium. ---..------ 

4. Motives to study and reflection. ------. 

5. The Planetary System. Comparative accessibility of the planets. Cor- 

respondence of condition with our Earth. . - - - - 

6. Discovery of the planet Neptune ,------ 

7. The Earth. Manifestations of Divine Wisdom and Power thereon. 

Works recommended for reference and private reading ... 



1 



ib, 
ib, 

ib. 



CHAPTER I. 

Essential Properties of Matter. 

8. The general properties of Matter enumerated 3 

9. Impenetrability- .---.--... I'j, 

10. Extension- ........ ...|5, 

11. Figure ib, 

12. Divisibility ...........4 

13. Inertia .---..-...._i(. 

14. Attraction ...........i^^ 

15. Attraction of Gravitation ------..- tft. 

16. Attraction of Cohesion ..-......{^^ 

17. Capillary attraction .--.------5 

18. Magnetic attraction .--.....--ij, 

19. Porosity ib. 



xu 

Chafteb II. 
Rest and Motiok. 

Para. Page 

20. Balancing and non-balancing forces -.-.--- 6 

21. Inertia in matter necessary ........t6. 

22. Forces to which matter is sabject ....... t6. 

23. Antagonist molecnlar forces. Froyision for the purity of fluids, in 

Nature ---.-. -----tft, 

24. Best of a point— three cases ........7 

25. Bepresentation of forces by lines .-.....{& 

26. Parallelogram of forces ... ..... t5. 

27 The polygon of forces --.---...f^. 

28. Decomposition of forces ----..--.»6. 

29. Motion of a point .-----.---8 

30. The attraction of a body on its mass, mutual attraction between the 

Earth and bodies near its surface -....-.i6. 

31. Unit of mass -------- -.-»6. 

32. Momentum --.----.--.9 

33. Laws of Momentum. Experiments -..---. t6. 

34. Gravitation of all bodies. Blnstrations ...... t6. 



CHAPTER III. 
Centbifetal Fobcb. 

35. Centripetal force. Velocity of descent. Attwood's Machine; analysis 

of the experiments ---.-----10 

36. Unit of velocity. Equations for gravity - - - - - -12 

87. Modification of the general equations for an initial constant - - - 13 

38. Betarding force -.-.------ t6. 

39. Equality of times and velocities of ascent and descent ... - ib. 

40. Law of Centripetal Force. Attraction of a spheroid - - . - 14 

41. Pendulums, Principal varieties, and laws .----- t6. 



CHAPTER IV. 

CBNTRIFUaAL FoRCOB. 

42. Centrifugal Force. A condition of motion in a curve. Blustrations. 

The whirling table — construction of, and experiments therewith. An- 
gular velocity -..--.--.-16 

43. The stability of planetary orbits -------•. lA. 



xm 

Para. Page 

44. Centriftigal Force at the equator, Velocity of bodies there. Importance 

of the antagonism of central forces - - - - - - -17 

45. Maxima and Minima Intensities. The Pendulum* Its oscillations more 

rapid near the Poles --------- lA. 

46. Effect of Centrifugal Force on the figure of the Earth. Trigonometric 

surveys. Results of theoiy and practice. The hoop experiment - ih, 

47. Deduction from the hoop experiment ------- iJ, 

48. The Earth's Axis the axis of terrestrial centrifugal forces - - - 18 

49. Belation of the centrifugal force to that of gravity; the resolved part 

of the centrifugal force, in the direction opposite to gravity, and that 

in a tangent to the Earth's surface. Experiments - - - - 19 

50. Laws deduced from the experiments -------20 

51. The Planet Neptune 21 



CHAPTER V. 
Centkb of Parallel Fobces. 

52. Meaning of the expression .-..-.-.22 

53. Position of the centre in the case of two forces. Resultant and its point 

of application --.----_. -jj. 

54. Method of determining the centre of any number of parallel forces - 23 

55. The Centre of Gravity - - - -- - - - -tft. 

56. Intensity of the force of gravity. Equation of the same - - - 24 

57. Position of the centre of gravity in a heavy body suspended by a string. 

Determinations of the position of the centre of gravity in bodies of 
different figure. Experiments - - - -- - -t&. 

58. The centre of gravity in motion. The line of direction. Experiments v 25 

59. Stable and unstable equilibrium. Deductions from experiments - - ib, 

60. Curves traced by a man with rigid legs, running and walking, parabolic 

and circular respectively. Limit to speed in walking - - - 26 



CHAPTER VI. 
Hydrostatics. 

61. Characteristic properties of fluid bodies. Their functions in Nature. 

Non-elastic fluids or liquids --------27 

62. Liquids. Water a suitable and convenient type of liquids. Adopted as 

the standard of weight. Weight of a cubic inch of distilled water - ib. 

63. Laws deduced from experiments on the equilibrium of fluids - - 28 

64. Ceaseless motion of fluids. Importance of the restlessness of fluids - ib, 

65. Distinctive difference between gasses and liquids. Composition of water. 

Analysis and synthesis of water ------- ^6, 



XIV 

Para. Page 

66. Compressibility of water. LesKe's mode of determining the same - • 28 

67. The Hydrostatic Paradox --'----•..28 

68. The Safety Valve in steam boilers -•.....!&. 

69. Flnid Pressure on the sar&ce of the Earth, and at depths in the sea - ib, 

70. The Hydrostatic Bellows t&. 

71. Equation of equilibrium in the Hydrostatic bellows. Brahma's Press - ib. 

72. Centre ofPresture, Situation of the centre of pressure. Support of the 

same -.----------so 

73. Levelling. Construction of Leyels --^-...t;^. 

74. Precautions in the use of Leyeli --.-••. .t&. 

75. Principle of Archimedes - - - - - - - - -81 

76. Specific Gravity. Practical meaning of the term. Standard of specific 

gravities. Ascertained of specific gravities of solids - - - t&. 

77. Erroneous result from weighing in impure water . . . . i;^. 

78. Determination of the specific gravity of liquids. Different methods for 

the same -------. ...^* 

79. Construction of Hydrometers -------- ij. 

Elastic FLTjn)s. 

80. Atmospheric air, the type of elastic fluids. Gases reducible to liquids - 32 

81. Mariotte*8 Law^ --•---, ---i5, 

82. Increase of elastic force of air witii increase of temperature - - - ib. 

83. Elasticity of atmospheric air at the Earth's surface. Air in a diving bell ' tb. 

84. The gas of water liquifiable by ordinary temperatures. Importance of 

this in nature and in the arts. Measure of oceanic evi^oration - 33 

85. Graham's Law ----------- jft. 

86. Begnault's Law of the diffusion of mixed gasses. Elasticity of the vapour 

of water in the air --------- ij. 

87. Graham's experiments. Carbonic acid gas. Its production and neu- 

tralisation by diffiosion. Temperature of conversion of substances into 
gas. Evaporation when most active. Perpetual snow Une in the 
Himalayahs ----------- iJ, 

88. Effect of atmospheric pressure on evaporation - * - - - 84 

89. Liquefaction of the vapour of water. Form and size of particles of 

vapour of water ---------- t2^. 

90. Unit of conversion of water into steam ..-..- 35 

91. Spheroidal water. Boiling point of water for different pressures - - t5. 

92. Table of the boiling point of water under variation of pressure - - ib. 

93. Co-efficient for heieht for l^ of temperature. Boiling point at the sum- 

mit of Mount Blanc --------- ift. 

94. Special boiling points of liquids- ------.36 

95. Sugar refined and perfumes distUled under diminished pressure - - t5. 

96. Co-efficient of expansion of aqueous vapour. Table of elasticities 

prepared by the French Academy ------- ift. 

97. Marcet's boiler - - - -" ib. 

98. Steam at high pressure --- ------37 



XV 

CHAPTER VIL 
Htdraitligs. 

99. Scope of the subject ----------38 

100. UsesofFumps - ---------- fft. 

101. Sucking and lifting pnmps. Theory of Torricelli. Pascal's demonfitra- 

tion. Experiments ----.----t6. 

102. Swihing Pumps, Disadvantages of the class. Feeding the pump - 39 

103. Lifting Pumps, Working advantage. The Forcing Pump and its capa- 

bilities. The Fire Engine - - -- - - - -tJ. 

104. Working limit of pnmps. Variation of the height of liquid columns. 

Equation for the strength of tubes ------ -t&. 

105. Tke Hydraulic Belt 40 

106. The Persian Wheel tb. 

107. The Lever and Bucket --------- i6, 

108. The Screw of Archimedes - --- 41 

109. Artesian Wells . --.-------»&. 

110. The Syphon -- ib, 

111. Tantalus' Cup ib. 

112. Discharge of Water through orifices -------42 

113. Ajutages, Form of the curves described by liquids projected from ajutages ib, 

114. Natural and Artificial Fountains ....--. t5. 



CHAPTER VIIL 

Steam. 

1 15. Power obtainable by means of steam. Table of elasticities • - - 43 

116. Steam of "Spheroidal Water." Its application for machinery - - i6. 

117. The Steam Engine. Its elementary form, and experiment - - - t6. 

1 18. Improvements in the steam engine by Watt- - - - - - 44 

119. The waggon Boiler. Level of the water, how maintained - - - {6. 

120. Application of steam as a moving power. To Ships. To Locomotives - t6. 

121. Benefit to mankind conferred by the power of steam - - - - ib, 

122. AppUccttion of steam to domestic uses ------- t6. 



CHAPTER IX. 

The Atmosphere. 

123. Interest attaching to the subject. General and fecial qualities - - 45 

124. Constitution of the atmosphere -------- tft. 



XVi 

Para. Page 

125 to 128. General properties of the atmosphere - - - 45 and 46 

129. Weight of a cubic inch of atmospheric air- - - - - -46 

130. The Air Pump --jj. 

131. Elasticity in gases --..--....i^, 

132. General identity of properties in mattw. Special properties of the 

atmosphere, to what due --------47 

133. The atmosphere comparable to the ocean. Its pressure. Importance 

of the law of fluid pressure -------- iJ. 

134. Pascal's experiment • - • - ib, 

135. Discussion of the experiment with the Madgeburg hemispheres. Gay 

Lussac's balloon ascent Metaphor — Nature abhors a vacuum - - 48 

136. Torricelli's explanation of the vacuum in sealed tubes. Pascal's demon- 

stration. Kxperiments ---------»&. 

137. Pressure of the atmosphere determined by the barometric column. 

Correction of the Barometer for temperature ----- 49 

138. Construction of the Barometer. Chief yarieties of the same - - t&. 

139. Consideration on the second kind of Barometer ----- t5. 
140 and 141. The Mountain Barometer. Leslie's formula of reduction - ib, 

142. Mass of the Atmosphere --.-------50 

143. Diurnal Oscillations of the Barometer ... - . »^. 

144. Height of the atmosphere for uniform density - - - - - 61 

145. Decrease of density with increase of aqueous vapour - - - - i6» 

146. Law connecting atmospheric density and height ----- ti&. 

147. Probablfe limit of atmospheric height -------»&, 

148. Balloons 52 

149 and 150. The Trade winds. Monsoons. The functions which they per- 
form ------------ t6, 

151. The atmosphere the vehicle of sound ------- tft. 

152. Propagation of sound. Velocity of sound. Biot's experiment - - 16. 

153. The atmosphere essential to sound -------53 

154. Whirlwinds. Cyclones --------- t6. 



CHAPTER X. 
Heat. 

155. Sources of heat. Temporary and Permanent changes, and their effects 54 

156. Universality of heat Galvanic heat. Grove's theory. General theories. 

Analogy between heat and sound ------- tft. 

157. Caloric. Absorption of heat by steam - - - - - ib, 

158. Endarance of heat by human beings -------*&. 

159. Evaporation: its effect on temperature. The Hot winds. Effect of a 

Punkah in motion on Temperature. M. Boutigney's experiments - 55 

160. The states of a body ib. 



XVll 

Para. , Page 

61. Laplace's Corpascalar Theory - - - - - - - -56 

62. Expansion of fluids bj heat. Uniform expansion of quicksilyer. 

Alcohol- --------.-- i6. 

63. The Thermometer ---t&. 

64. Thermometric scales. Equations of conversion ----- ti&. 

65. All bodies expand by heat. Economic applications - - - - 57 

66. Anomaly in the expansion, or contraction, of water - - - - 58 

67. Comparative expansibility of Metals. A compound bar - - - t&. 

68. Practical considerations in reference to Metallic expansion. Applications ib. 

69. The Pyrometer, Table of linear expansions ----- i&, 

70. Expansion of certain liquids --------69 

71. Expansion of Mass ---------- t6. 

72. Incandescence. Temperature of incandescence ----- iJ. 

73. Latent Heat. Economical considerations ------ iJ. 

74 and 175. Absorption of heat by solution. Frigorific mixtures - - 60 

76. Absorption of heat by vaporisation. Ice making. Indian method. 

Leslie's method ---------- t6. 

77. DanieWs Hygrometer. - - - - - - -- -61 

78. Development of heat by liquification and solidification - - - ib. 

79. Distillation, Ebullition. The temperature of the water constant. 

Vapour the carrier of heat. Economy of fuel - - - - 62 

80. Conduction of heat. Tendency of heat to equilibrium. Its independent 

existence. Better and worse conductors. Table of conducting powers ib. 

81. Consideration on the wisdom of the Creator. Uses made by man of 

non-conducting materials --------63 

82. Radiant heat. The Sun, the great radiator of our system. Tempera- 

ture of the Earth ---------- i6. 

83. Law of diffusion of heat. Evidence of diminution of heat in the Sun - ib. 

84. All bodies radiators of heat --------64 

85. Dr. Well's Theory of the formation of dew. Cloudy nights not dewy - 65 

86. Deflection of heat. Cold, a relative term merely. Discussion. - t&. 

87. Law of reflection of heat ------- - - i6, 

38. The best reflectors, worst conductors. Leslie's experiments. Instances 
and demonstrations quoted. Practical suggestions. Table of radi- 
ating powers ----------66 

89, Variation of radiating powers of vessels covered with different coats - ib. 

90. Difi^rence of radiating power in different conditions of the same body. 

Illustrative Experiments - - - - - - - -67 

90. Specific Heat ----------- t6. 

91. Heat-absorbing power of different bodies ------ tJ. 

92. Equal absorptive power of water at different temperatures - - - ib, 
98. Equations for Specific Heat - - - - ' - - - ' ib. 

94. Methods for determining Specific Heat ------ 68 

95. Dulong's Law ----------- iJ. 

96. Detailed experiment -------- - ib. 



XVIU 

CHAPTER XL 
Eleotbicitt, 

Para. Page 

197. Electricity known in ancient Greece, and bj the Arabs - • - 70 

198. Univenal preyalence of Electricity. Identity of Electricity and Light- 

ning. Electricity, at rest, not perceptible by men. Its essential nature 
nnlmown ----------- ffr, 

199. Eranldin's explanation of opposite Electricities. Terms employed. Di- 

vision of the subject ------- --tft, 

200. Frictional Electricity, Derivation of the name. Experiments require a 

dry atmosphere. Experiments - - - - - - -71 

201. The Gold-leaf Ekctrometerf Experiments with the same "-•!&• 
,202. Conductors and NoU'Conductors, Tabulated list of the same - - 72 

203. Variation of conducting power in the same body. Insulation. Elec- 

tricity retained by insulation -------- t&. 

204. Illustrations. Instantaniety of the electric spark. Rapidity of electric 

motion. Wheatstone's contrivance. Experiment - - - - ib. 

205. Special electric states. Great reservoirs of Electricity. Destruction of 

organic bodies by it- - - - - - - - -78 

206. De La Bive's theory of atmospheric tension. The Aurora - « - 74 

207. The Electric Spark. Otto de Guericke*s discovery. Occasional 

developments. Experiment --.-----t&. 

208. Electric Polarity, Polarity by induction. Experiments - - - »6. 

209. The Electric Machine, Different kinds. Their respective efficiency - 75 

210. The power o/pomts. Economic importance. Experiments - - ib, 

211. Discussion of experiments on the power of points. Applications, ib, 

212. Thunder House -- ---76 

213 and 14. Rationale of the power of points. Experiments ... ib, 

215. Peculiarity of the luminous appearances of Positi?e and Negative Elec- 

tricity. Experiments ---------76 

216. The Ley den Jar, Its discovery. The Eectric Shock - - . - ib, 

217. Kon-essentiality of the tin-foil coating demonstrated. Experiments - 77 

218. The Electric Battery - - ib. 

218 and 219. Electrometry. The Quadrant Electrometer. The Torsion 

Electrometer- --------..£&. 

220. Summary of additional experiments and illustrations - - - - 78 

221. The Aurora Borealis .--.--..- t6. 

222. The conducting power of water. Conduction by a moist, insulation by 

a dry, atmosphere. Further general illustrations - - - - 79 



CHAPTER XIL 

GALYAmSM. 

223. Sultzer's discovery. Galvani's discovery. Professor Yolta explains it. 

Experiment - ---.----•• 80 



XIX 

Page Para. 

224. The Voltaic Circle. Fluid element. The ctirrent and its direction. 

Nomenclature ------,---80 

225. The Voltaic File. Description and experiments - - - - - 81 

226. Table of Galvanic relations ........ tft. 

227. Biot's experiment. Tension of Voltaic electricity - - - - tft. 

228. Couronne des Tasses. Evolution of Hydrogen ..... 82 
229 and 230. Different forms of Batteries. Liquid elements ---»&. 

231. Liquid elements of the voltaic circle ... . . . . t^. 

232. The Voltameter. Experiment .--..-..83 

233. The Galvanometer. Power upon which it depends - - - - ti!^. 

234. Luminous power of VoUatc Electricity, Experiments --<•-»&. 
2S5. Heating power of Voltaic Electricity, Experiments ... -84 

236. Voltaic Heat the greatest yet known. Applications adverted to. Ex- 

periments. The Calorimotor -..-.-.-£&. 

237. Zantedeschi's discovery on opposing currents ----- 85 
338. Magnetism. Magnetic induction and Ma^etic polarity ... t6. 

239. Magnetism of the earth. Declination. Dip. Intensity ... {^. 

240. Imagined structure of a bar magnet -.---..86 

241. Mariner's Compass ..--..-...tft. 

242. Magnetic power of Voltaic Electricity, Oersted's discovery. Experi- 

ment ..-----.....i5. 

843. Direction of the Magnetic force. Glass permeable to the magnetic 

force. Experiments, .........tft, 

244. Voltaic Induction, Induced voltaic currents. Method by which they 

may be evoked. Shocks given by them - - - - • - .-87 

245i Identities of Magneti9m,and Electricity, Experiments. - - - t&. 

246. Discussions .-..-------88 

247. Situation of the North and South poles of an electrormagnet within the 

coil .------. .---ij. 

248. Electricity in Animals, The Torpedo; the Gymnotus Electricus. 

Mode of catching the latter --..-...89 

249. DiamagwstKS, Faraday's discovery that most, if not all, bodies are * 

affected by magnetism, though in a different sense. Experi- 
ments - -. - - - -■- « - - - -i5. 



CHAPTER Xm. 

Applications of Voltaic ELECTBicmr. 

250. Bapid growth of Electrical Science. Variety of its economic applica- 
tions - - . - - - - - - - . - - 90 

251,' JppUcation as a motive power. Experiment - - - - . 7 t5. 

2^2. Application to gilding. Permanent Batteries necessary for such purposes. 

Saturated fluid elements. Means of sustaining saturation -' * • ib, . 

, 253. AppUeation to printing, Difibrent products by Such means - - - 91 



XX 

Para. Page 

254. Application far preventing tJie ravages of reptHet, Experiment - - 92 

255. Application to Mining, Description of its application on land and 
under water --- ...... -.tg. 

266. The Electric Telegraph. The Needle TekgrapK The. Disc Telegraph. 

The Printing Telegraph - - - -93 



CHAPTER XIV. 
Optics. 

257. The emission and wave tbeories. Probability that the latter is the trae 
one. An ethereal medium pervading space. Encke's coqiet. Analogy 
between light and sound ---------95 

258. Velocity of Light. Importance in nature of this property; especially so 
toman --------. ----tft. 

259. Conditions of the emission and wave theories. Consequences of the 
conditions ------.-.-.95 

260. Rectilineal propagation of light. Forms of shadows. Determination of 
heights of objects by the ancients: inference therefrom. Experiments 

and deductions from the same - - - .- - - - 96 and 97 

261. Geometrical illustration. Meridian, ante and post meridian, shadows - 98 

262. Intensity of Light. Law of the intensity. Geometrical verification - tb. 

263. Concentric spheres of luminous intensity. Photometers - - - ib. 

264. Reflection of Light. Equality of the angles of incidence and reflection ib. 

265. Penetration of Light, Light partly absorbed by bodies. The light of 

the sun at deptlis in the sea. Luminous conditions of bodies - - 99 

266. Different reflecting powers of bodies. Dent's Dipleidescope - - ib. 

267. Penumbra. Nature and course of-------»i. 

268. Refraction of Light. Deflection of light in traversing difierent media. 
The plane of refraction. Mathematical illustration. Experiments. 
Corollary ------ _-.__ 100 

269. Refraction through Lenses. Laws of refraction - - - - - 101 

S70« Atmospheric Refraction, Deflection of the light from heavenly bodies 
in passing through our atmosphere. Effects on their position and figure. 
Greater £splacement near the horizon. Corrections for refraction - ib. 

271. Classification according to refracting powers. Illustrative table - - 102 

272. Condition of the emission theory resumed. Arago's suggestion. Fou- 
cault's demonstration --.......^. 

273. Colour. Varieties of cc^our in nature. Analysis of light by prisms. 
Synthesis. Experiments --------- ift. 

274. Seven colours of the spectrum. Primary and binary. Complementary 
colour. Experiment Table of refrangibilities - - - - - 103 

275. Relative situation of the rays. Chromatic rdation. Analogy with light Ifr. 

276. Composition of lA^t. White light made up of coloured light, vis. red, 
yellow and brae. Newton's meSiod of verification. Experiments - 104 

277. The Rainbow, Cause of the rainbow. Its appearance at waterfalls - 105 



rxi 

Para. Pag« 

278. Diffraction of Light Natare of Diffraction. Mode of exhibiting the 
phenomena. Production of colour by diffraction. Experiments. Note 105 

279. Difiraction of an elementary ray. The bands of interference. Experi- 
ments ---.-------- 106 

280 and 281. Production of a bright spot by concurrence of rays; of a dark 

one by interference. Law of distance for these phenomena. Experiment 107 

282. Colour by interference. The colours of shells similarly produced. 
Newton's Kings -.- - - -- - - - -iJ, 

283. Double JRe/raction and Polarisation, ' Nature of substances producing 
the phenomena. The ordinary and extraordinary, Iceland Spar. 
Experiment ----------- t6. 

284 and 285. Physical change in A ray due to double refraction. Phenomena 
arising from the different situations of the axial planes. Tourmalin. 
Experiments ----------- io8 

286. Polarisation by reflection. Experiments -..-.. 109 

287. Circular polarisation - - - - - - - - - t6. 

288. Analogy between the phenomena and those of light. Argument in 
favour of the wave theory --------- 16, 

289. Colours due to polarisation. Their appearance and disappearance. 
Complementary tints. Demonstrations ------ t6. 

290. Magnetism of Light, Professor Faraday's discovery. Demonstration 

of me magnetic property of light, described - - - - -110 



CHAPTER XV. 
Optical Instkuments. 

291. The Plane Mirror. Explanation of the formation of images thereby 111 

292. Convex and concave Mirrors - - - - - - - -112 

293. Images formed by Lenses, Image formed by convex lenses. Dispersion 
of concave lenses. Images by reflecting surfaces. Mefracting and 
reflecting Telescopes ---------- i6, 

294. The Telescope. Its value to the traveller: its importance to the astro- 
nomer. Extension of knowledge of the Heavens due to the Telescope. 
Galileo; his discpvery of Jupiter's Satellites ----- 16. 

295. Refracting Telescopes, Galileo's telescope. Its construction. Dis- 
advantages to which such telescopes are subject. Dolond's achromatic 
object glass - - - - - - - - - - -113 

296. The Astronomical Telescope, Modem arrangement It inverts objects ib, 

297. The Spy Glass, Class to which the name is applied. Objects exhibited 
thereby in their natural positions. Conversion to the astronomical 
form ------------{6. 

298. The reflecting Telescope. Manner in which rays are received in such 
instruments. Herschel's Telescope ------- i5. 

299. The Microscope. Use of the Microscope. Ehrenberg's discoveries. 
The single microscope. The compound microscope - - - - 1 14 

300 and 301. lite Camera Obscura and Camera Lucida, Useful as aids to 
artists. Formation of images by them. Use of the Camera Obscura 
in photography. Principle and processes of the art. Experiments - ib. 



XXll 

Pai«. . Page 

302 and 303. Th« Eye viewed as an optical instrument. Description of its 

diflerent parts. Table of refracting powers of the hnmoors 115 and 116 

304. Causes of long and short sight. Artificial means for amelioration of 
these defects ----------- 117 

305. Binocular vision. Wheatstone's discovery ib. 

806. The Stereoscope. Wheatrtone's. Brewster's. Stereoscopic photographs ih. 
307. The FMudoscope «*. 



APPENDIX. 

Note A. — The Parallelogram of Forces, Examples to Chapter IL - - 119 

Note B.— Fall of Bodies towards the Earth 121 

Note C. — ^Detail of arrangement for the experiments with Attwood's Machine 122 

Note D. — Accelerated motion. Geometrical exemplification. Examples to 

Chapter IIL ib. 

Note E. — Centrifugal Force. Mathematical Demonstrations. Examples to 

Chapter IV. 124 

Note F. — ^Illustration to the demonstration on the centre of parallel forces - 127 

Note G. — haw of motion in an orbit. Examples to Chapter V. - - - ib. 

Note H. — Lateral pressure in cylindrical vessels. Geometrical demonstration 128 

Note I. — Specific aravities. Equations for ascertainment of specific gravities, 
by the Balance and by the Hydrometer. Summary of the equations, 

adapted to standard aensity. Examples to Chapter YL - - - 129 

Note K. — TTie Syphon. Geometrical demonstration of its conditions of action 134 

Note L. — Discharge of fluids. Demonstration that the rate of discharge 

varies as the square root of the height ------ 135 

Note M. — Ajutages. Demonstration that jets of liquid describe parabolic 

paths. Examples to Chapter VII. 136 

Note N. — Comparative masses of the earth and atmosphere - - - 137 

Note O. — ^Liniit of the atmosphere -------- 138 

Note P. — Specific Gravity and corresponding volume of water, under varying 

temperatures ---------- 139 

Note Q. — Increase of volume in solids with increase of temperature - - 140 

Note R. — Geometrical demonstration on reflection of heat from parabolic 

mirrors - - - -'- - - - - - - ib. 

Note S. — Variation of electric relation amongst metals - - - - 142 

Note T. — ^Exposition of some of Volta's fundamental experiments - - ib. 

Note U. — Direction of rotation of the magnetic needle - - - - 145 

Note V. — ^Romer and Cassini detect the progressive motion of light - - 146 

Note W. — ^Experimental determination of the co-efficient of refraction. The 

critical angle ---------- jj. 

Note X. — ^Positive and negative ciystals, optically considered - . . 147 

Note Y. — Construction and use of the Camera Lucida - - - - 149 



SYLLABUS OF LECTURES. 



INTRODUCTORY OBSERVATIONS. 



1. The interest attending Philosophical Experiments pointed 
out^ as alsp the importance of such experiments in the commu- 
nication and enlargement of natural knowledge. Each fact and 
law, disclosed and demonstrated during this course, should be 
made the centre of a circle of thought, enquiry, and reflection, 
else but little good will be derived. The moral obligation students 
in our colleges are under to assist in the enlightenment of their 
countrymen. By accepting Government education they enlist 
themselves in the cause of truth, and become bound to exert 
themselves in correcting error, uprooting prejudices, and diffusing 
the information which they themselves receive, 

2. The privilege of contemplating aright Natural Phenomena 
and Scientific TrutL The power these, so contemplated, have 
to undermine and destroy delusion and error ; especially in this 
country, where, much of prevalent superstition rests upon natural 
phenomena, misunderstood or perverted. 



3. The wonder and admiration caused by contemplation of 
the Heavens. Immense distance of the fixed stars: the largest in 
the Centaur and Lyra remote from us about 226,000, and 
789,000 times the distance of our sun, respectively. Vast number 
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of comets discovered^ some of them revealing, by a diminishing 
orbit, the existence of a resisting medium in the interstellar spaces. 
The probability that the stars are suns, the centres of worlds, the 
abodes of life and happiness, considered. 

4. The comparatively small number by whom celestial pheno- 
mena are thoroughly imderstood, and the mystery that still hangs 
about many of those phenomena. The motive this offers to study 
and reflection. 

6. The Planetary System. — The accessibility of the Planets, 
comparatively to the fixed stars, as subjects of observation. The 
remarkable phenomena that some of them present when viewed 
by the aid of a telescope. The proximate similarity of condition 
to our earth of the sister planets, and the high probability that 
they also are inhabited. 

6. Remarkable discovery some years ago, simultaneously in 
England and France, of the planet Neptune. Fact which led to 
the discovery. Theoretic determination. Prophesy. Fulfilment 

7. The Earth. — ^Creative wisdom and power manifested 
therein. The laws which regulate terrestrial phenomena, and 
the forces by which they are produced, the chief subjects of 
Experimental Philosophy. The work on Natural Philosophy 
published by the Society for the difiusion of Useful Knowledge, 
Dr. Young's Lectures by Kelland, and Gt)lding Bird and Brookes 
Natural Philosophy, recommended to students for private reading 
and reference, on the subjects embraced in these lectures. 



CHAPTER L 



GENERAL PROPERTIES OF MA'PrER. 



8. The general, aometimes called essential. Properties of Matter 
are Impenetrability, Extension, Figure, Divisibility, Inertia, 
Attraction. 

9. Impbnbtiubileit. — IndhUibiUty of ultimate atomi. No two 
particles of matter can occupy the same space at the same time. 
The necessity of distinguishing between masses or bodies, mole- 
cules and atoms. Impenetrability of the particles of liquids con- 
sidered. Their limited compressibility instanced as evidence of 
impenetrability in their constituent atoms. The redaction of the 
gases to the liquid state, and hence the same inference regarding 
them. The provision observable in this property for the stability 
of the universe. 

10. ExTBKSiOK. — The property of occupying space consists of 
three dimensions, — length; length and breadth; and length 
breadth and thickness. The two first the subjects of Plane 
Geometry, the latter of Solid Geometry and of Phyacs. 

11. FiauBE. — Th^ apace contaated by and within the surfaces of 
bodies; for instance a solid, bounded by a surface every where 
equidistant from a fixed point within the solid, is of spherical 
figure, &C. Importance of figure as an element of beauty, both 
•ji the organic and inorganic world. 
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12, DivisiBiLiTr. — 771^ susceptibility of unlimited mechanical 
division. Ultimate limits of divisibility in bodies. Divisibility 
as apparent in the organic world, Ehrenberg estimates the 
thickness of the skin of the Monas Termo at the 64^080,000 
part of a line. The dust from the desert of Sahara carried 
over the Mediterranean to the distance of 1300 miles. The 
difitision and permanence of odours. According to Reaumur, the 
gold plate in embroidery spread over the surface of silver is less 
than the two millionth part of an inch in thickness; and Dr. Wol- 
laston prepared platinum wire the three millionth of an inch in 
thickness. A sicca weight of spider's web would extend 800 
miles, or three sicca weights (540 grs.) would go round the earthy 
while the thread itself has been said to consist of not less than 
6000 filaments. If the filaments were separated and placed end 
to end, a sicca weight would be 4,800,000 of miles in length, and 
would thus go round the earth 200 times, or stretch into space 
20 times as far as the moon. 

13. Inebtia. — Resistance to change of state ,either of rest or 
motion. Illustrations. Revolution of the moon around the earth 
illustrative of this property. The permanency of planetary mo- 
tion secured thereby. 

14. Attraction, — The power which particles of matter have 
of mutually drawing each other. Different kinds of attraction. 

15. Attraction of Gravitation. — This kind of attraction mmti" 
fested in the fall of bodies towards the earth. Reason why our 
earth does not also appear to move in such cases. Manifestation 
of the attraction of gravitation in the motion of the earth and 
other planets aroimd the sun, and of the moon around the earth. 
Operation of gravitation on the atmosphere. 

16. Attraction of Cohesion. — This kind of attraction is mani^ 



fe^Ud in the tenacity with which the parts ofhodiea, of those called 
solid bodies, especially , hold together. Exists in least intensity in 
liquids^ while in the gaseous condition of bodies its operation seems 
to be entirely suspended. Necessity of this property to the con- 
tinuance of form and life. 

17. Capillaby Attraction. — The attraction exerted by Hie in- 
tenor walls of fine tubes. Illustrated by the ascent of coloured 
fluids in tubes of different sized bores. Seems to be due to the 
attraction of the walls of the tube. Liquids so raised may arrive 
at the top of the bore, but cannot run over. Form of the upper 
surface of capillary columns of liquid. The law of the heights 
is, the heights are inversely as the bores of the tubes. The ascent of 
sap in vegetables, and hence provision for organic life, dependent 
on this property. 

18. Magnetic Attraction. — Tfie power possessed by magnets, 
natural or artificial, permanent or temporary, of drawing certain 
bodies, such as iron, towards them* Illustrations by means of 
natural and artificial magnets. 

19. PoROsmr. — Possession of interstitial spaces. Seen well in 
the sponge, in which some of the interstices are very large, some 
too smaU to be seen. Water has been driven through the pores 
in the walls of gold vessels; light passes through thin gold plates; 
and water is filtered, for purification, through stone. The bones 
as well as the soft parts of men and animals are permeated 
throughout life by liquids; the vehicles of nutriment. I have 
proved that the excess of fluoride of calcium in fossil bones arises 
from infiltration after death. In liquids porosity is evident in 
processes of solution; in gases by diffusion, and is inferrible from 
their high compressibility.* 



* See Phihsopkical Magazine for October and November, 1854. 



CHAPTER 11. 



REST AND MOTION, 



20. The condition of a body under the operation of balancing 
and of non-balancing forcesy or what is ordinarily desigDated by the 
terms rest and motion ; the former condition being the resultant 
of forces that balance each other^ and the latter of those that do 
not Meet and motion relative terms only. No body absolutely 
at rest 

21. Incapability of spontaneous motion necessary for the pur- 
poses which matter has to subserve, it being thus easily controlled 
by natural forces. The harmony of the universe dependant on 
this property. 

22. Particles subject to unceasing influences &om other particles 
around them; as those of which the earth is composed, to one 
another, and to central forces. The attraction of proximate 
particles neutralized, within certain limits, by their antagonism. 
Fluids and liquids are exposed to constant and various impurity^ 
which would endanger the health, and render the existence of 
animal life precarious, were the evil not remedied by the ceaseless 
internal motion to which they are subject 

23. All bodies subject to the action of an infinite number of 
forces, — those that are in motion as well as those that are at rest. 



24. Rest of a point Three simplest cases^ the forces acting in 
the same plane; described and illustrated by experiment^ viz. — 

1st. A pohit acted on by two forces. 

2nd. A point acted on by three forces. 

3rd. A point acted on by any number of forces, 

25. Representation of forces by Unes. In respect of magnitude. 
In respect of direction. Components. Resultants. 

26. Parallelogram of Forces. If a point be acted on by two 
forces^ represented in magnitude and direction by two adjacent 
sides of a parallelogram^ the balancing force, or resultant, will 
be represented in magnitude and direction by the diagonal of the 
parallelogram. 

Note. If the two forces act upwards the balancing forces will 
act downwards^ and so on. 

27. If in a polygon, the sides, less one, represent a corresponding 
number of forces in magnitude and direction, the remaining side 
represents the balancing force.* 

Cor. If any number of forces, acting upon a point, be propor- 
tional and parallel to &e sides of a polygon, the point will be at 
rest 

28. Decomposition of Forces. 

1st. To replace one force by two, whose joint effect shall 
equal that of the original force. 

♦ Appendix, Note A. 
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2n(L To replace one force bj any number of forces^ whose 
effect shall equal that of the origmal force. 

Demonstratioiu, by means of the inclined plane, on the resolntion of forces. 

Note. Anjr one or more of the sides may be taken as resultant, 
as convenience may suggest 

29. Motion of a point Discussion corresponding to that for 
rest of a point. 

30. The attraction exerted by a body is as its mass, that is as 
the quantily of matter of which it is made up; since any one 
molecule exerts a power independently of the others with which 
it may be associated, and, so £Eur as is yet known, irrespective of 
its nature. Our perception, that bodies near the earth's surface 
do not exert any force to attract the earth towards them, not 
strictly accurate. Comparative masses of bodies, ordinarily sub- 
ject of observation, and that of the earth, considered. 



31. Ma88y how measured or estimated. The unit of mass differs 
in different countries. 

In England the unit is the pound Troy. 

In France „ the pound of 500 grammes. 

BASES OF METBICAL SYSTEMS. 

In England, the base is the length of a pendulum vibrating 
seconds in the latitude of London, at the sea level and in vacuo; 
this is foimd to be 39*1393 inches long: otherwise an inch is 
Ty i3 3 ^ part of such pendulum. 

In France, the base is a forty-millionth part of the terrestrial 
meridian, — and is called a metre: — ^it is equal to 39*37079 English 
inches. The subdivisions 



■ ^10 Decimetres = 1 Metre 
10 Centimetres = 1 Decimetre 
10 Milimetres = 1 Centimetre 

32. Momeniwn, If B be any body in motion, M the momentum 
or moving force of the body, n the number of particle of which 
it is made up, and V the velocity of a single particle, the moTing 
force of B is given by the equation 

M =n V 

33. The moving force of a body being dependent tipon its 
mass and velocity, we deduce the three following laws : 

I. Bodies that have equal velocities and equal mastea have their 
mooing forces equoL 

n. Bodies that have unequal' velocities and equal meases have 
their Ttumng forces uTieguaL 

III. Bodies that have unequal masses, and velocities such tJiat the 
products of the masses into the veUxnties are equal, Iiave their moving 
forces equaL 

Experiments illiutrative of these \tms, with their Beveral modificAdoDS doe to 
eUstidtj, hj meant of cla; and ivory hulls, faUing Ihrongli equal and imeqmd 
heights, and impinging npon each other. 

34. Tendencyof all bodies towards the Earth's centre. Weight 
is an exponent, and the foil of bodies a manifestation of this 



EZFERIHENTS. 

F^it, A piece of iron is placed in a vessel containing quicksilver ; the iron is 
wen to float. 

Steond. A gold mohnr and a fealher are allowed to foil simnltaneousl; in 
the eshansted receiver of an air-pump ; thej are seen to reach the bottom 

* Appendix, Note B. 
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The second Analysis where 

V«28T 
Shows that. 

The velocUiea acquired by bodies faOing /reebf, during any time, 

are sufficient to carry them through twice that space in the same 

time. 

The third Analysis in which 

S=sT« 

Shows that. 

The spaces described by bodies faUmg freely are as the squares 
of the times of describing them. 

The fourth Analysis in which 

S:S'—S:S''—S':: 1:3:5 
Shows that, 

I%e spaces described in successive units of time, by bodies falling 

freely, are as the odd numbers.* 

36. Bodies falling freely descend through 16*08 feet in the 
first second of their &11 : substituting this in the equation for the 
velocity, we obtain 

V2=32-16T 
The number 32*16, being the effect produced by the earth's 
attraction at the sea level, in the unit of time, is taken as the 
Unit of velocity due to gravity^ and is generally represented by the 
letter g. 

Substituting this in the above equation we have 

V=gT 

Substituting the same value in the Equation for the space, 
we get 

- ■ ■ ■ 

* Appendix, Note D. 
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Again, substituting p for g, for greats generalitity, we get 

■ 

37. If there be an initial constant motion C, the effect of 
a uniformly accelerating force will not be disturbed thereby, 
and the equations will then become 

V= C+pT 
S=-OT+pT« 
Eliminating p we get 

2 
_ v«— C« 

38. If the force be a retarding one the initial motion will be 
diminished thereby, and the equations will become. 

V'=0— pT' 



S'=cT' — 



pT'« 



2~ ^ 

_ C«— V^ 8 
2p 

39. In the case of gravity, if a body be projected upwards 
to a certain height, or dropped from the same height, — ^the 
velocities at the end and beginning of the motion, is zero ; which 
gives 

Hence we deduce that 

TTie time of ascent of a body projected upwards to a given point, 
is equal to the time of its descent from the sams point 
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Again T= — T' gives 

Hence; the velocities of a projectile at the same heights are equal, 
going and returning. A body^ projected upwards^ returns to the 
ground therefore with the velocity with which it left it 

40. Law of intensity of Centripetal force : The inverse square of 
the distance from the attracting centre. 

It is proved by Geometry that the attraction of a spheroid is 
the same as if the attractions of its constituent molecules were 
coUected in its centre of gravity. Now a series of concentric 
spherical surfaces of different radii; (and all distances from the 
centre may be viewed as points in such surfaces.) will have the 

according as the areas of the surfaces over which it is diffused be 
small or great; but these areas are as the squares of the radii of the 
surfaces^ therefore the intensify of the attractive force at any point 
in them will be inversely as those squares; ue. as the squares of 
their distances from the attracting centre* The force of gravity at 
4000 and at 8000 miles from the earth will be i and i, respec- 
tively^ what it is at the surface^ and so on. For the distances 
from the centre will be 2r or 3r; the squares of which are as 4 
and 9; and the inverse of the squares i and •^. 

Pekdtjlums. 

41. Gravity availed of in the application of pendulums, to the 
regulation of clocks, &c. The simple pendulum. The compound 
pendtdum. Oscillation. Amplitude. Isochronism. The law 
connecting the time and length is, 

g 
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T is the time of a complete oscillation. 
1 length of the pendulum, 

Vy as usual^ the ratio of the diameter of a circle to its circum- 
ference, 
g the effect of gravity in a unit of time. 

« 

If n be the number of oscillations made by a pendulum in 24 

hours 

rj, 24 X 60 X 60 /r" 

1= =:7rV — 

n g 

which gives n. 

Cavendish's pendulum; its construction and use, also the 
results at which he arrived by its means. Invariability of plane 
of oscillation of the pendulum. Foucault's application of this 
principle. Geometrical demonstration. 

EXPBBIMENTS. 

First A pendulum consisting of a large sj^ereof wood, painted yellow on one 
side and black on the other, suspended from the roof of the theatre, is drawn to 
one side and then allowed to fall, consequently to oscillate. 

SeconcL The bob of the same pendulum is projected horizontally, and is seen to 
move in an elliptical orbit, at the same time revolving on its own axis; showing, 
rudely, the annual and diurnal revolution of the earth. 

Third, A pendulum, suspended within a vertical arch capable of horizontal 
rotation, is made to oscillate: it is found that the plane of oscillation remains the 
same, though the arch be made to rotate. 

Fourth, A pendulum, consisting of a sphere of brass (about two pounds in 
weight) is suspended irom the roof of the college by a fine wire: it is provided at 
its lowest part with an index, and is made to oscillate over a line, traced on a 
circular board graduated round the edge. The plane of oscillation is found, on 
the expiry of half an hour, to make an angle of about 3^ degrees with the initial 
plane of motion. 
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CHAPTER IV. 



CENTRIFUGAL FORCE. 



42* Centrifugal Force opposed to Centripetal Force: the latter 
draws bodies towards a centre^ the former repels them from it 
Centrifugal force non-existent in bodies at rest; nor in those in 
motion^ unless thej revolve round a centre^ — ^it being the resolved 
part of the tangential force^ in a direction from the centre of the 
orbit The centrifugal counteracted by the centripetal force^ 
therefore equal to it in amount; and opposite to it in direction. 
Exhibits itself in the tension of a loaded slings when whirled round 
bjr the hand — ^in the dashing away of mud from the wheels of 
carriages in rapid motion; in the swinging of a glass of water 
round; hj means of a sling; without spilling the water, &c 

The Whirling Table. 

EXFEBIMENT. 

A ball is attached to a string passing throngh the hollow axis of the Whirling 
Table. The table being made to reyolye causes the ball to recede from the centre, 
stretching the string with a force proportioned to the angalar velocity of the 
table. The angalar velocity of the ball increases as the ball is made to approach 
the centre. 

43. Effect of the increase of angular velocity; as the centre is 
approached; upon the stability of planetary orbitS; considered. 
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44. The magnitude of centrifugal force at the earth's equator 
considered. Velocity of bodies on the surface at the equator 
measured by nearly 25,000 miles a day, or 510 yards in a second 
of time. Effects of this on the material of which the earth is 
composed. Consequences if the antagonist force were to cease 
with respect to the earth and to the Solar System. 

45. The energy of centripetal force greatest at the poles, 
where it is unopposed by centrifugal force, and least at the 
equator, where that force is the greatest A body weighed with 
a spring balance, at the equator and at the poles, would have 
different weights, being heavier at the latter than at the former 
place. The pendulum, which owes its motion to the force of 
the eai'th's attraction, would oscilliate faster at the poles than 
anywhere else, and most slowly at the equator. 

46. The greater centrifugal force at the equator should cause 
the earth, if originally a sphere, to bulge out at the equator. 
The earth's equatorial diameter greater than its polar diameter by 

^ part of the former, say 26^ miles. This consequence foreseen 
by Newton, the discoverer of the functions and laws of central 
forces, and the amount of departure from the spherical form com- 
puted by him. Prime object of Trigonometric Surveys to deter- 
mine accurately the form of the earth. Singulai'ly close approxi- 
mation of the results of such surveys, and the deductions from 
theory by Newton. 

Experiment. 

A hoop, free to contract and expand in the direction of its polar axis, is whirled 
rapidly ronnd, when its polar diameter is seen to diminish and its equatorial to 
extend, in qaantities which are fanctions of the velocity. 

47. The figure described by the hoop in the last experiment 
is clearly seen, and is distinctly oblate spheroidal. The earth 

d 
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viewed as made up of an infinite nnmber of such hoops. Sphe- 
roidal form of the whole mass inferred from such view. 

EXPEBIMEKT. 

Eqoftl weighU are sinraltaiMOBily whirled round with unequal relocitiei) in tluU 
which has the greater velocitj the greater centrifngal force is manifested. 



48. The polar axis is the common axis of rotation of all the 
particles of which the earth is made np. In the annexed figure 

OQ is obviously greater 
than AB, AB than A^B' 
and so on. These lines 
are evidently as the co- 
sines of QA, QA', u€. 
of the latitudes. Let 
F, F' be the centrifiigal 
forces, and Z, T, the 
latitudes at Q, a point 
at the equator, and at 
A any point remote 
firom it, respectively; 
we have 




F : Y'wcobA : eo%. V 



% * « 



Hence F' ^ 



Y C08.V 



COS. I 

butatQ, c(».Zs=l. 

.•.F'=F COS. V 

Now F is ascertained to be -^ part of gravity. 

Substituting, ij^ dbtain a general expression for the centri- 
fogal force at any point of the earth's surface, viz. 



■*■ ^^ OfiQ ^^* ^ ' 



(A) 
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49. Produce BA to any point C ; draw AD a tangent at A, 
and let fall upon AD a perpendicular from 0. If AC be taken 
to represent the total centrifugal force at C, CD represents the 
portion of that force opposite to gravity^ AD a portion acting 
in a direction tangent to the earth's surface at A« The latter 
portion tends to accumulate matter about the earth's equator^ to 
produce oceanic currents from the poles, &c. The relative values 
of the decomposed parts of the centrifagal force are as follows : 

CD:CA::OF:OA 
OA 

= F €08. I 

Substituting the value of F, from ( A^, we obtain for the part 
acting in opposition to gravity 



CD = 2^ co8.^ I, 



(B) 



For the tangential part we have 
AD2 = AC« — CD« 



= (^ C08. If — (gfg m.^ ly. .from (A) & (B). 



= (^ COS. Vf (1 — C08.^ t) 



= (^g C08. tf sin « I 



.". AD = ^gq-sin. L cos, I 



EXPEBIMENTS. 

FirsU XJneqaal masses are placed at equal distances from the centre, and are 
attached to equal weights; they are then made tp r^volye, and the greater raises 
its weight while the lesser remains undisturbed. 
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Second. Eqnal mMsea are placed at nneqaal distances fiom the centre, and are 
attached to equal weights; thejr are now made to revolve, when the more remote 
mass raises its weight, that of the other remaining undisturbed. 

Tliird, Equal masses are placed at equal distances from the centre, and attached 
to equal weights; they are now made to revolye, when both raise their weights 
simultaneously. 

Fourth. Equal masses are placed at unequal distances from the centre, and are 
attached to weights which are to one another as the distances; they are now made 
to revolve, when both raise their weights simultaneously. 

Fifth. Two masses are placed at distances from the centre, which are inversely 
as the masses, and are attached to equal weights; they are now made to revolve, 
when it is found that the weights are raised at the same tim& 

Cor. The sun and earth revolve round each other and about a conmicm centre, 
distant from these, inversely as the masses; hence it is ^ of the sun's diameter 
distant fix>m his centre, t^e. about 267 miles. 

NoTB. In the above experiments the periods of revolution of the bars, bearing 
the masses, are equal: in the following they are as one to two. 

Sixth. Two eqnal masses are placed at equal distances from the centre, and 
attached to weights which are as 4 : 1 — the first term applying to the weight con- 
nected with the mass on the swifter bar: they are now made to revolve, and are 
found to raise their weights simultaneously. 

Seventh, Equal masses are placed at 2 inches and 8*2 inches from the centre 
on the swifter and slower bar respectively, and are attached to equal weights: they 
are now made to revolve, when they are found to raise their weights sixpultaneoualy. 

60. From the above experiments we deduce the following 
Laws : — 

I. The greater. the quantity of matter in any body is, the greater 
is its centrifugal force. 

II. The greater the velocity of any body is, the greater is its 
centrifugal force. 
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III. Bodies whose masses and whose velocities are equals have tJie 
same centrifugal force. 

IV. When the m^asses are equals and the periodic times are also 
equal, the forces are as the distances from the centre, 

V. If the masses be in the inverse ratio of the distances from the 
centre^ the forces are equal. 

VI. The forces are inversely as the squares of the periodic times. 

Vn. The squares of the periodic times are as the cubes of the 
distances from the centre. 

51. The noble proof of the theory, that central forces are the 
true cause, of planetary motion, afforded by the discovery by 
Leverrier and Adams of the planet Neptune. 

Note. The seventh law is that known as the third law of 
Kepler, while the first law of Kepler, — The equality of the areas 
described in equal times by the radius vector of a planefs path, is to 
be inferred from the experiment described at p. 16.* . 



• Appendix, note E. 
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CHAPTER V. 



CENTRE OF PARALLEL FORCES. 



62. The term applied to a point in a bodj^ or system of bodies 
acted upon hj parallel forces so situated that, if a certain force be 
applied to it, that force will balance, or hold in equilibrium, all the 
other forces acting upon the system. 

63. Let AP, BQ be two 
parallel forces acting on the 
rigid line AR -^pplj ^t A 
and B two equal and opposite 
forces AM, BN, these will 
not disturb the equilibrium. 
Complete the parallelograms 
AS, BJ, and produce the 
diagonals till they meet in C; 
then is C the point of con- 
currence of the compound forces AS, B J ; hence their resultant, 
that is the resultant of AP, BQ — ^since PS and QJ being equal 
and opposite, balance each other — must pass through that point 
Draw CO parallel to the direction of the given forces. If the 
forces AP, BQ, be transferred to O they will coincide, and their 
direction will pass through C; hence O is the point of application 
of the resultant, which will be obviously equal to their sum; 




moreover, if they both act in the same direction; or to their 
difference, if diej act in opposite directions. O is called the 
centre of the parallel forces AF, BQ. 

The intensity of the resultant R is given by the equation 

P + Q = R 
Agiun, we have from similar triangles 

CO: AO:: AP:PS 
OB: CO :i QJ(PS):QB 
.-.OB: AO:: AP:QB 
:: P : Q. 

Law. The centre of parallel forces m the case of two forces U 
situated between them, and at dietancee from them which are m- 
vereehf as the intensities of the forces. 

54. The centre of any number of parallel forces may be fomid 
thus. Find as before the centre of any two of the forces, and the 
intensity of their r^ultant Proceed in the same manner with 
this resultant, considered as a new force, and one of the remaining 
forces, and so on. The centre last obtained is the centre of the 
parallel forces of the system. It obviously matters not to this 
result what the direction of the forces may be, so long as they 
maintmn their parallelism and relative intendlies.* 

Centre of Gravitt. 

55. Gravity, or the force of the earth's attraction, gives to 
bodies that tendency downwards which they generally manifest, 
and which is ordinarily called weight Gravity acts, in parallel 
directions, and with an equal intensity, on all the constituent par- 

* Appendix, note F. 
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tides of small bodies. The centre of parallel forces called in this 
case the centre of grayitj, 

56. Gravity acts on bodies with an intensity which is a measore 
of the quantity of matter they contain. The relation of the weight 
to the mass of a body is expressed by the equation 

W=Mg 

67. Gravity acts in the vertical^ hence the resultant of forces 
exerted by it also lies in the vertical. A heavy body, freely sus- 
pended by a string, will have its centre of gravity in a line the 
direction of which is that of the string. If a body be suspended 
from different points in succession, the directions of the string will 
intersect in the same point The centre of gravity of a body 
practically found by this means. If a flat body, as a board, be 
laid along the edge of a table so as just to balance there, and a 
line be drawn on the surface of the body along the edge of the 
table, and if the same be repeated for different situations of the 
body, the lines will intersect in the same point This point will 
be the Centre of Gravity of the body, 

EXFEBIMENTS. 
Firat Determinatioii of the centre of gravity of a cylindrical rod. 

Second. Determination of the centre of gravity of an elliptical board by the 
method of sagpension. 

Third. Of the same by balancing on the edge of a table. 

Fourth. Determination of the centre of gravity of a metallic hoop. 

Fifth. Stable and unstable equilibrium under suspension. 

Sixth. The same during rest on a horizontal surface. 

Seventh. Experiments with rectangular and oblique parallelopipeds. Stable 
or unstable equilibrium produced by increase or diminution of elevation of an 
oblique parallelopiped. Discussion of the experiments. 
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58. Considerations on the centre of gravity in motion. The 
Line of DirecttOTiy in bodies falling freely, perpendicular to the 
surface of the earth. 

EZPEBIMENTS. 

First, A disc, loaded at one part of the edge with lead, is made to advance 
up an inclined plane. 

Second, A double cone is made to ran up two adjacent diverging planes. 



59. Consequences of the resultant falling without the base of 
support — the feet, for instance, in men and animals. Manage- 
ment of the centre of gravity in walking. Experience, in this 
case, assumes the form of instinct. Corpulent men, and men 
carrying weights in their arms, lean backwards ; those carrying 
loads on their backs lean forwards. Rationale of this. 

Deductions fkom the above Expebiments. 

First If the resultant fall within the base of the body^ the 
body will rest 

Second. If the resultant faU without the base the body will 
falL 

Third. If the resultant coincide with the edge of the base, the 
equilibrium will be unstable, and the body will be upset by the least 
disturbance. 

Fourth, If a body have its centre of gravity situated above the 
point of suspension, the equilibrium is unstable. 

Fifth. If a body, freely suspended, have its centre of gravity 
in the vertical, and below the point of suspension, the equilibrium is 
stable. 

e 
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Sutth. A body free to movey may he made to run up an inclined 
plane, provided that the centre of gravity descend as the body ad- 
vances, 

60. The ceutre of gravity of a man with wooden legs, de- 
scribes^ while he walks, a series of circular arcs — ^that of a man 
running, a series of parabolic arcs. Limit to the speed of the 
former about 7 miles an hour.* 



* Appendix, Note G. 



CHAPTER VI. 



HYDROSTATICS. 



€1. Characteristic properties of flaid bodies. Important part 
they plaj as constituting seas, oceans, livers, r^, dew, the 
atmosphere, &c. The subject revolves itself into two branches 
— the consideration of the properties of floids, but little elastic, 
such as water ; and of those highly elastic, such as air. The 
former called liquids, the latter ffoses. 

LIQUIDS. 

62. Water serves as a type of liquids generally, due allowance 
being made for density, viscosity, &c Taken as the standard 
of weight, one cubic inch, with suitable restiiction in respt^t of 
temperature and pressure, ( to be considered hereafter,) weighs 
252-5 grains troy. 

EXFEBIHENIS. 

first. A STphon lube has mravaiy poured into it The mercaiy Btands at 
the same level in both limbs of (he tube^ other liquids are fonnd to dd likewise. 

Seeand. A sjpbon tobe has mercury ponred into one limb and water into the 
other. The column of water is found to be about fourteen times the length of 
the colomn of mercaiy. A similar result is obtained on balancing other dissimilar 
and immiscible fluids. ^ 

Third. Ai'rsngement for the hydrostatic paradox shows that the guanti^ of liquid 
IB not concerned in such resultf. 
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63» We deduce from the experiments just described the fol- 
lowing Uwss- 

First Liquid columns, of equal densities, exert pressures pro- 
portioned to their heights. 

Second. Equal fluid columns of different densities, exert pressures 
which are directly as their densities. 

Third. Fluid columns, of different densities, exert pressures which 
are as the product of their heights and densities. 

64. Fluids are in ceaseless motion^ so far as their constituent 
particles are concerned. The disintegration of rocks^ the for- 
mation and decomposition of animal and vegetable substances^ 
the crystallization of metals, &c show a similar restlesness, in 
and among solid bodies. Masses of fluid, though at rest on the 
whole, with respect to other bodies, are not so, in so far as the 
particles of which they are individually made up are concerned. 
Vortices in drops of liquids, as seen by the aid of the microscope. 
Motion of water, as constituting rivers, oceans, and seas, adverted 
to. Essential importance of this ceaseless activity in fluids to the 
life of animals inhabiting them. 

65. Liquids have suflScient cohesion to acquire, and sustain, the 
form of drops, as in rain, water poured out, &c. Illustration with 
mercury poured upon glass. In gases there is no such cohesion, 
but on the contrary, repulsion. Water formed by the union of 
two gases. Oxygen and Hydrogen, in the proportion of 8 to 1. 
Water may be composed and decomposed from and into its 
constituent gases, by means of electricity. Experiment demon- 
strates this. 

66. Water, both compressible and elastic, diminishing one- 
twentieth of its bulk at the depth in the sea of 1000 fathoms. 



/ 



29 

Mode m which such experiments have been made. Oersted finds 
the compressibility a 46 millionth of the bulk for a pressure of 
an atmosphere ; and Regnault has shewn that the compressibility 
diminishes as the temperature increases. 

67. Fluids press equally in all directions. One portion of 
fluids whatever be its form, will support any other portion of 
the same fluid at the same altitude above the horizontal plane. 
The Hydrostatic Paradox. 

EXFEBIMENTS. 

A number of tabes, straight, crooked, and curved, intercommnnicate at their 
lower ends; water poured into one rises to the same height in all simaltaneoasly. 

68. Safety of steam boilers provided for by means of the 
safety valve, on the principle of equality of pressure of fluids 
in all directions. Arrangement for this purpose described. 

69. Comfort of living things, on the earth and in the sea, 
dependent on this property of fluids. The impossibility of the 
existence of submarine animals, having to support the weight 
both of air and water, under other circumstances than those 
adverted to. Amount of fluid pressure at the surface of the 
earth, and at certain depths in the sea. 

70. Pressure of fluid columns continued. A portion of fluid, 
however small, is capable of supporting any other portion how- 
ever great. Description of the Hydrostatic Bellows, and ex- 
periments therewith. 

71. Conditions of equilibrium in the bellows, given by the 
equation 
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where W is the weight raised by the water^ ue. the pressure 
exerted by it^ Q the pressure due to the column of water in the 
tube of the bellows, K the area of the surface of the bellows, 
and k the area of a section of the tube. It is evident that W 
increases by the increase of Q or K, and the decrease of k. 
Description of Brahma's press, and of some of its economical 
uses. 

Centbb of Pbessube. 

72. The centre of pressure of a fluid against a containing 
vessel or sluice. Its situation. A support applied at this point is 
more efficient than if applied at any other point.* 

Levelung. 

73. Surfaces of small portions of fluids are horizontal, accu- 
rately so for all practical purposes. In large portions, such as 
seas, the surface is curved, equally throughout The surface of 
the sea taken as a zero point for the altitude of mountains. The 
property of fluids, of finding their level, availed of in the con- 
struction of surveying and astronomical instruments. Alcohol 
usually employed for levels, being introduced into a tube slightly 
curved, and which is nearly filled with it; the small vacancy 
left ordinarily called the bubble. Reason for the particular 
liquid, and for the curvature of the tube. 

74. Care to be taken, in using such instruments, that the con- 
vex part of the tube be kept uppermost, else the level will become 
unmanageable ; the bubble in such a case always flying to either 
end. The construction of levels for engineers and others, and 
their modes of use explained and demonstrated by means of 
models and instruments. 



A])pendix, Note II. 
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Principle op Archimides. 

75. A body immersed in ajluid loses a portion of its weight, equal 
to that ofthejluid displaced. 

Specific Grayity. 

76. Specific gravity is the gravity or weight special to bodies. 
In practice specific gravity is the relation between the weights of 
equal masses of substances and of soms substance whose weight is 
known, and under the same conditions, constant The usual standard 
employed^ distilled water; it being free from impurities^ and^ 
for the same temperature and atmospheric pressure, invariable. 

Specific Gravity of Solids. 

The specific gravity of solids is obtained, by dividing the weight 
of the given solid, as weighed in air, by the weight which it has 
lost when weighed in water, 

77. Difference between the specific gravity of the same body, 
as weighed in pure and impure water. Experiment in proof of 
this. 

Specific Gravity of Fluids. 

78. The specific gravities of Fluids are found — 

First Sy filling a bottle with the given fluid aaid then with t/te 
standard fluid, and determining the proportion of the weights in 
either case. 

Second. By ascertaining the relation of a solid to the given fluid, 
and to the standard fluid 

Third. By means of the Hydrometer. 

79. The construction of different Hydrometers described, and 
their uses demonstrated.* 

* Appendix, Note I, 
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GASES. 

80. Atmospheric air may be adopted as the representative of 
elastic bodies of the fluid kind generally^ as water of the non- 
elastic. Gases, heretofore considered permanent, reduced to liquids 
by Professor Faraday, with the exception of three. Gases, thus 
condensed, become subject to the laws governing liquids, from 
which, in this condition, it is unnecessary to separate them. The 
remaining gases will doubtless be condensed some day. 

Makiotte's Law. 

81. The elastic force of aivf at a given temperature^ is inversely 
as the space it occupies* 

82. The elastic force of air increases with the temperature. A 
given mass expands 0-0003665 of its bulk between 0° and 100^ 
centigrade: for different gases the coefficient differs. At very 
great pressures the elasticity seejns to abate, relatively to the law. 

EXFEBIMENT. 

A bent tube of unequal limbs has the shorter limb sealed. When filled with 
mercmy to different heights, the air in the sealed limb is compressed according to 
the law enunciated. 



83. Atmospheric air, at the earth's surface, subject to a pres- 
sure of 15 lbs. to the square inch, equal to the pressure of a column 
of mercury of 30 inches. In a Mariotte's tube of 60 inches if the 
open limb be filled with mercury, the air in the sealed one will 
be compressed to one-half its bulk. 



t See Elements de Phyaiquet par M, PouiUet, sixth edition, p. 301, vol. 1. 
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84. The property of the vapour of water being condensed by 
ordinary temperature, of great importeiice in nature and in the 
arts. Ceaseless ascent of the vapour of water into the atmosphere. 
The number of gallons raised by evaporation from an acre of 
water in a year is, according to Glaisher, 678,505. Its descent, 
in due season, in the form of snow and rain upon the land, to 
qualify it for the support of animal and vegetable life. Tlie water 
flowing in rivers towards seas, a fair criterion of the amount of 
evaporation from the surfaces of the latter. 

Diffusion of Vapoubs. 

85. GrrahanCs Law. Vapours and gases subject to the law, 
when brought in contact with each .other ^ they diffuse themselves into 
^ea/ch other^s masses with a rapidity inversely as the square roots of 
their densities. 

m 

86. Regnault has carried out the law to mixed gases, and shown 
that, 

I. The elasticity of the vapours of two liquids in union, which 
do not mixy is equal to the sum of the elasticities of each of them 
separately ; hut if they do mix, it is less than that sum. 

II. The elasticity of the vapour of water in the air is equal to 
what it is in vacuo. 

87. Experimental method by which Professor Graham estab- 
lished the law just enunciated. Carbonic acid gas, one of the 
most noxious of gases, generated profusely by organic processes, 
and combustion of wood and coal, rendered harmless by virtue of 
this law. The importance of the law in the economy of nature, 
in prevention or rectification of noxious exhalations generally. 
Solids and liquids converted into gases at temperatures special to 
themselves individually. The following are a few : 

/ 
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Ether 98 



o 



Alcohol 176«» 

Water 212? 



Sulphur 570^ 



Linseed Oa 600° 

Mercury 660° 

Limit, where the gaseous condition of several bodies begins. 
Evaporation goes on much more actively in a dry than in a moist 
atmosphere, during the prevalence of wind than during a calm. 
Ice vapourises, even as water does. The line of perpetual snow, on 
the southern aspect of the Himalayas, lower than on the northern 
on this account 

88. The pressure of the atmosphere controls and keeps down 
evaporation. The vapour of water would constitute an atmo- 
sphere, did it not already exist, through conversion of part of the 
liquid itself into gas. If the moon have not an atmosphere, she 
cannot have free liquid about her. 

EXFEBIMENT. 

A few drops of ether introduced into the Torricellian yacunm of a barometa' 
tube. The sther flashes into gas, projecting the mercurial column downwards, and 
continuing to occupy its place in the gaseous form. 

89. Gas becomes vapour when the generating fluid in contact 
with it is cooled down below a certain temperature — ^in the case 
of water, and with a barometric column of 29*8 inches, below 
212® F. Particles of vapour consist of exquisitely fine bladders 
or tubes. The diameter of the largest of these found to be -^-^ 
of an inch, and smallest x&oo' ^^ condensation take place on 
a cold surface, the gas is at once changed into water. Instance of 
this seen in the condensation of a jet of gas on the outside of a 
vessel containing artificially cooled water. 

Experiment. 

Condensation effected on the surface of a flask in which sal-ammoniac is being 
dissolved. 



f 
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90. One cubic inch of water convertible into 1694 cubic inches 
of steam. 

91. A drop of water^ put into a strongly heated cup, does not 
resolve itself into vapour at once, but continues rolling about, for i| 
a time which is proportioned to the heat of the cup. The drop, j| 
while slowly dissipating, retains its shape and assumes a gem-like 
brilliancy. Water in this state called " Spheroidal Water." 

EXPEBIMENT. 

A drop of water is allowed to fall into a platinnm cnp» placed over a spirit lamp, 
The drop rolls about, gradually and slowly dissipating. 

92. Table of the boiling point of water, indicated under different 

atmospheric pressures. 

Barometer shows. Water boils. 

277 208« 

28'29 209° 

28-84 210® 

29-41 211« 

29-8 212® 

30-6 213® 

93. A rise or fall of the barometric column of 0*1 inches, raises 
or lowers the boiling point 0-176^ on Fahrenheit's scale. Cause 
of this variation considered. Applicability of this law to the 
ascertainment of heights. For every 530 feet of perpendicular 
height, water boils at one degree of Fahrenheit less. Found by 
De Saussuve to boil, at the top of Mount Blanc, at about 187^. 

Experiment. 

A vessel, containing heated water, has the pressure of the air gradually with- 
drawn from it. The water again boils, although the temperature be, as shown by 
a thermometer immersed in it, much below the boiling point. 
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94. Afl in the air^ so have different liquids differ^it boiling 
points in vacuo ; for instance: 

Ether boils under such circumstances at 38^ F. 
Alcohol „ „ 49^ „ 

Water „ „ 88«> „ 



95, Property of fluids^ of boiling under diminished pressure^ 
availed of in the refinement of sugar, making of perfiimes and of 
several medicines. Description of the method used in the refine- 
ment of sugar. Reason of the superiority of perfumes so manu- 
factured, to those prepared by ordinary distillation, pointed out. 

96. Steam, apart from the producing fluid, possesses no elas- 
ticity. The vapour of water expands from the freezing to the 
boiling point 002036 of its volume for every degree of heat. 
This number, therefore, the co-efficient of expansion between these 
limits. Increase of elastic force with increase of temperature. 
The table of elasticities prepared by the French Academy ex- 
hibited and discussed 

Abstract from the Table of the French Academy. 



ElafticitTofSteftm, 
Atmospheric Pres- 
sure being unity. 


Temperature of 
Fahrenheit 


Elasticity ofSteam, 
Atmospheric Pres- 
sure being umty. 


Temperature of 
Fahrenheit 


1 
2 
3 
4 
5 
6 
8 


212*00 
260*62 
276*18 
293*92 
807*60 
320*36 
341-78 


10 
12 
16 
20 
* i6 
,40 
60 


d58'88 
37400 
392*86 
418-46 
439-34 
486-69 
610-20 



97. Marcet's boiler. 



EXFEBIMENT. 



A strong spherical boiler is fitted with a graduated tube, 30 inches long and 
open at JDPth ends, reaching to the bottom; aa also with a thermometer, penetrating 
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through the upper wall merely. Mercury is introduced into the boiler, bo as to 
cover to a small depth the orifice of the tube, and above this a little water: heat is 
now applied and the water boils, the imprisoned steam forcing the mercury up the 
tube to a height increasing rapidly with increase of temperature, — the purpose of 
the thermometer is to indicate this temperature. 

98. Steam at high pressure does not scald as low pressure 
steam does^ its sensible heat being employed in rapid and violent 
expansion^ apparently. 
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CHAPTER VIL 



HYDRAULICS. 



99. Nature and scope of the subject 

The coNSTRUonoN aio) action of Puiif& 

100. Practical importance of the subject The use of pumps 
in raising water, from permanent sources in the earth, for irriga- 
tion, or for domestic uses. For elevating it to the upper portions 
of high buildings. For projecting it against fire, or in preven- 
tion thereof, in conflagrations. 

101. Pumps divisible into two great classes. Sucking Pumps and 
Lifting Pumps. The former class of pumps derive their name 
from their construction, whereby water is raised by means of 
exhausted tubes. The name in the first instance probably 
suggested by the withdrawal by the Ups, or sucking, of air 
from a tube, the free end being immersed in water. Indefinite 
notions generally entertained, regarding the cause of the ascent 
of water, in such cases. Its true explanation due to TorriceUi, 
the Florentine Professor already mentioned. His deduction from 
the fact, that water would not rise in pumps when the vacuum 
exceeded 32 to 35 feet Crucial demonstration of Torrioelirs 
theory by Pascal 

ExFEfilHENTS. 

First, — A tube, one end resting in a vessel containing water, has an air-tight 
piston fitted into it. The piston being raised, the atmosphere acting on the water, 
the water follows it. 
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Second, — The atmosphere is withdrawn from the sarface of the yessel by means 
of the air-pnmp. The piston is now raised, bat the atmosphere not acting on the 
water, the water does not follow. 

Third,— A. working model of a sacking pomp ased instead of the tabe, with the 
same results. 

Fourth, — The foantain experiment. 

102. Sucking Pumps. — ^Their constraction and mode of action 
described and illustrated by experiment Difficulty of keeping 
such pumps in working order, through shrinking of the piston, 
valves, &c This difficulty would be enhanced in these parts, 
even where water might be within reach. Feeding of the pump, 
as it is technically called, in what consists. 

103. Lifting Pumps. — The construction and mode of action of 
this class of pumps described and illustrated by experiment 
This species of pump, when supplied with an auxiliary tube and 
valve, capable of raising water to auy height, provided the ma- 
terial of which it is composed be strong enough. The requisite 
strength, at different points in the tube, is as the height above 
them to which the water is to be raised. The strain to the piston 
rod is, in this case, in the direction of its greatest strength. 
Modification of the pump last described, which constitutes the 
Forcing Pump. In this modification the water is thrust up the 
auxiliary tube by a pushing force, instead of by a lifting one. 
Strain to which the piston rod is subject in this case. Capabilities 
of this pump. The strength of the tubes an important con- 
sideration in this case also. This form of pump, with arrange- 
ments suitable for the purposes of its application, constitutes the 
fire engine. 

104. Reconsideration of the limits of working in pumps. The 
height of the barometic column varies, ordinarily, from 30 to 28 
inches. The column of water and that of mercury are equally 
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measures of atmospheric weight They must therefore both vary 
directly as that weighty and in amounts proportioned inversely to 
their respective densities. The density of mercury is 13*6 times 
that of water nearly. Hence 30 inches of mercury equals 34 
feet of water^ and 28 inches of mercury 31*7 feet For the 
pump to work when the barometer shows 28 inches^ the length 
of vacuum must obviously not exceed 31*7 feet This is the 
limit beyond which the vacuum should not extend. For the 
minimum strength of auxiliary tubes, we have the formula 

31*7 

where P is the pressure on the square inch in lbs., h the per- 
pendicular height through which the water has to be raised, 
above the point for which P is taken. 

Otheb Machines fob RAisiNa Wateb. 

105. The HydrauUc Belt, — ^In this contrivance water is raised 
by causing a belt of cloth, or other substance, to revolve rapidly 
through the fluid which is to be raised. The water rises by 
adhesion to the surface of the belt, aided by constant propulsion 
upwards, the surface should, therefore, be rough. 

106. The Persian fFheeL — Water raised by this contrivance 
by buckets or other vessels, fixedly arranged round the periphery 
of a wheel and made to revolve with it; they fill themselves in 
succession at the bottom, and empty out their contents as they 
arrive at the top. Circumstances for which they are suitable. 
Extensively used in Egypt 

107. The Lever and Bucket. — This mode of raising water much 
used in India and in the Islands of the Eastern Archipelago, 
being suited for the raising of water through small heights. 
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108, The Screw of Archinudes. — This contrivance of little prac- 
tical value, Corioas from its construction, by which water is 
made to rise upwards by running downwards. 

109. Pressure of the liquid itself, availed of for the raising 
of water, instead of such means as the above. This the case in 
Artesian Wells. That of . Grenelle produces about 740,000 
gallons a day, from a depth of about 1800 feet. Such wells 
may be sunk wherever a stratum, capable of retaining water, 
slopes or bends downwards to a cup-like form. The Paris and 
London basins furnish these conditions — the water being contained 
between beds of clay, as if between two cups placed one within 
the other. 

110. — The Syphon and its principle of action, — The Syphon, 
unlike the machines just described, is not suited to the transfer 
of fluids to a higher level, but to a lower one. Let the Syphon 
be filled with fluid, and the shorter limb immersed in the fluid 
to be transferred. If P be the pressure of the atmosphere, p the 
pressure due to the fluid in the limb immersed, p' the pressure 
due to the fluid in the discharging limb, we have the condition 
of action of the Syphon. 

p_^>P_y 

Ther pressures J?, p' are as the heights of the columns; hence 
tlie Syphon must have a shorter limb for raising the fluid than 
for discharging it ; otherwise, the orifice of the discharging limb 
must be at a level below that of the surface of the fluid to be 
transferred.* 

111. Tantalus Cup. — Description of and experiment therewith. 



Appendix, Note K. 



42 

DiSCHABOE OF LIQUIDS THBOUaH ObIFICES. 

112. The discharge of a liquid, through a conicallj shaped 
orifice in the bottom of a vessel, is found to be such as it would 
acquire bj falling freely through a space, equal to the depth of 
the liquid. The same velodtj attends a discharge by a lateral 
opening, close to the bottom.* 

Ajutages. 

113. — ^Lateral openings in the side of a cylmdrical vessel, if of 
the same capacity, will discharge, in the same time, quantities 
proportioned to the velocities. The above law is therefore de- 
monstrable, proximately, by experiment The jets describe curves j 
the greater curvature of the jets, according to higher situation, 
indicates diminution of pressure with diminution of deptL The 
curves found to be parabolicf 

114. Fountains. — ^Natural Fountains, Fountains of Compression^ 
Hiero's Fountain. \ 



* Appendix, Note L.. f Appendix, Note M. 
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CHAPTER VIII. 



STEAM: ITS POWERS AND ITS APPLICATION. 



115. Any amount of power obtainable through the agency 
of steam. Such power available as a moving force. Steam of 
250^, i,e. 38° above the boiling point, exerts, as already seen, a 
force of 30 lbs. on every square incL Rapid increase of force 
with increase of temperature, as seen in the following Tabla 

Temperature F. above 212®. Pressure per square inch in lbs. 

380-52 30 

630-18 45 

8P-72 60 

950-5 75 

1080-36 90 

1190-7 105 

116. Spheroidal water found to throw off steam of high ten- 
sion, mixed perhaps with the constituent gases of water. This 
steam applied, by way of experiment, to the propulsion of 
machinery. No practical use of any moment has as yet been 
made of it 

The Steam Engine. 

117. The elementary form of the condensing apparatus. 

Experiment. 

A glass tube blown into a bulb, at its sealed end, has a piston fitted into it. 
Water is introdaced into the bulb below the piston and brought to boil. The steam 
thus produced raises the piston. The bulb is now plunged into cold water ; the 
steam is hy this means condensed, and thus a vacuum left under the piston, which 
the atmosphere now thrusts down to the bottom of the tube. 



44 

118. The method of condensation adopted in the above ex- 
periments inconvenient in practice. Method of condensation 
by injection. Disadvantages of this method. The remedy in- 
vented by Watt, the deviser of the above experiment, and justly 
styled the fatlier of the Steam Engine^ viz., the condensing of the 
steam in a vessel apart from the working cylinder. Limit of 
power in engines made on the mdimental principle. Remedy for 
this also invented by Watt, viz., in working the piston by steam 
introduced at both ends of the stroke. High and low pressure 
steam engines what, and why so called. 

119. Description, and demonstration by means of diagrams 
and models, of the steam boiler. Consequences which would 
result from sudden change of level in the water. Means by 
which a constant level of the water in the boiler is preserved. 
Artifice by which uniformity of elasticity is maintained in the 
steam. 

Application of Steam as a Moving Powek. 

120. Way in which this power is made to act on machinery 
generally. Its adaptation as a propelling agent Demonstrations, 
by means of models. 

First.— As appUed to Ships. 

Second. — As applied to Locomotives. 

121. A working model of a locomotive, with its train of car- 
riages, exhibited and described. Security and speed of travelling 
by aid of steam, in comparison of that by ordinary means, con- 
sidered. Incalculable benefit, present and prospective, to mankind, 
resulting from the discovei^y and application of the power of 
steam. 

Application of Steam to Domestic Uses. 

122. The method of applying steam to culinary purposes and 
to the warming of buildings, &c. described. 
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CHAPTER IX, 



THE ATMOSPHERE. 



123. The interest attaching to the study of the atmosphere^ 
as being the reservoir of oxygen, tliat essential to the life of man 
and animals, — of carbon an indispensible aliment of plants; for its 
beneficial effects on light, and the like. Many of its properties 
familiar and well understood. Many phenomena occurring in it 
yet imperfectly explained. Atmospheric air to be adopted as a 
type of the gases generally. Discrimination between general and 
special qualities to be observed; for instance, its fluid nature 
amongst the former, its weight among the latter. 

124. The atmosphere made up of three gases, with a trace of a 
fourth, viz. 

Oxygen '21 

Nitrogen 785 

Carbonic acid '005 

Ammoniacal gas, atrace 

Total 1*000 

General Pboperties of the Atmosfhebe. 

125. Impenetrability. — Manifest from the resistance it offers to 
being compressed beyond certain limits. Liquid condition of most 
gases suggests the same property. This condition common to all 
forms of matter under certain circumstances* Obvious identity of 
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mechanical properties in this state. Identity of essential properties 
also inferred Marriott's law leads to the same conclusion. 

126. Dtvistbility — ^proved bj its lurking in the pores of liquids; 
expansion and thinning out in the receiver of the air-pump^ &c. 

127. Extension — too obvious to require proof. 

128. Inertia — made sensible to us whenever we move rapidly. 
The motion of ships, and boats propelled by saHs, due to the same 
property. 

129. Weight, suspected by the ancients before Aristotle; proved 
by Galileo. — ^The absolute as well as relative weights of the atmo- 
sphere, and of gases generally, may be accurately ascertained. 
100 cubic inches of air at the sea level weighs 30*5 grs., about 
g^part of the weight of as much water: its specific gravity 
therefore, at standard pressure and temperature, "0012 nearly.* 

130. The air pump described, and its mode of action explained 
and demonstrated. 

ExpEBiMEirrs. 

FirBL — A bladder secnred upon one end of a glass cjlmder has the air withdrawn 
from under it The pressure of the air raptures it, and thrusts it inwards with 
violence. 

Second. — ^A hollow sphere of copper, fitted with an air-tight stop-cock, is weighed 
when full of air. It is then exhausted and again weighed; it is now found to hare 
lost in weight nearly twenty grains, about the amount calculated for its capacity, 
the same by inverting the order of the experiment. 

131. Elasticity. — ^Elasticity particularly conspicuous in gases. 
Carbonic acid gas, when permitted to escape from the liquid state, 

* 252-5 Weight of 1 cubic inch of water. 

25250 „ 100 „ 

30*5 
Hence — - — .. *0012 nearly. 
25250 ^ 
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expands with great velocity, freezing itself thereby. The elas- 
ticity of gases admits of strikiDg illustration. 

EXPEBDCENTS. 

First — Semi-flaocid bladders, containing different gaae8,haYe the pressure of the 
air withdrawn from their surfaces; — as relief proceeds, expansion follows. 

Second, — ^A semi-flaccid bladdier, under weights, raises them as the receiver 
becomes exhausted. 

Third. — ^The air-gun. Description of and demonstration therewith. 

Special Pbofebties of the Atmosfhebe^ 

192. Identity of the general properties of the atmosphere with 
those of solid bodies re-adverted to. The special properties of 
the atmosphere. These due to its bnlk^ situation^ &c. Their 
deep interest to us^ not only as philosophers bat as men. 

133. The atmosphere compared to an ocean of unknown deptL. 
The great pressure, which terrestrial beings are subject to, rendered^ 
insensible through its equal application to all parts of surfaces. 
Sur&ce of the body of a man of ordinary stature about 15 square- 
fbet; hence the pressure to which he is subject about 14 tons, or 
292 mdis. Divers in diving bells, if graduidly lowered, cani 
sustain a pressure of three atmospheres without inconvenience.. 
The harmony of creation thereby manifested and sustained.. 
Amount of atmospheric pressure. 

Gravitation of the Atmosphere. 

134. Evidence afforded by pumps. Pascal's experiment by 
means of a tube, 48 feet long, filled with wuie, and raised and- 
k>wered by pulleys. 

Experiment. 

The BCagdeburg hemispheres are exhausted of air;r--th6y resist the exertion of 
•rdinarj force to pull them apart 
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135. The resistance, in the Magdeburg experiment, proportioned 
to the exterior sur&ce of the hemispheres. Uncomfortable sensa- 
tions experienced by man on the tops of high mountains. Gay 
Lussac ascended to a height of 25,000 feet He found the baro- 
meter sink 17*7 inches, and Fahrenheit's thermometer 10® C 
below zero. Messrs. Barral and Bixio, about the same season, 
experienced a cold of 40® C below zero. Improbability of inter- 
communication between distant places through the air. Attempts 
described, and their results. The necessity of air to the support 
of winged flight, finely availed of by Milton in his description of 
Satan's escape from Hell. The explanation of the ancients, that 
** nature abhors a vacuum." The failure of that explanation in 
the cases of mercury and water. These do not ordinarily rise in 
vacuo above 30 inches, and 34 feet respectively. The Royal 
Society of London have a water barometer, the length of the 
tube of which it about 40 feet. 

136. Torricelli discovers the true cause of the ascent of fluids 
in vacuous tubes, viz., the pressure of the atmosphere. He com- 
pares the specific gravities of mercury and water* and the heights 
of their columns in vacuo. He finds the heights to be inversely 
as the specific gravities. Demonstration by Pascal. The obliga- 
tion conferred on the scientific world by this discovery. 

EXFEBIHENTS. 

ttrst, — ^A tabe sealed at one end, and filled with water, remains full if the open 
end be immersed in water. 

Second. — A tabe sealed at one end, and filled with mercnrj, has its open end 
immersed as in the last case. The fluid descends, until the length of the column 
equals about 29 inches. 

Third. — ^The vessel in which the tube, containing the mercurial colunm, is im- 
mersed, is introduced into the receiver of the air-pump. The air being removed 
fVom off the surface of the mercury, the latter forsakes the tube, depositing itself 
in the cup. 

Fourth. — ^The air is re-admitted, the mercury rises again to the same height as 
before. 
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137. A colunm of mercury 30 inches higfa^ in a tabe whose 
bore equals one square inch in section^ gives (the weight of a 
cubic inch of mercury being 7*85 ounces) 30 x 7 '85 = 14*9 lbs. or 
15 lbs. nearly. This, consequently, the pressure of the atmo- 
sphere upon every square inch of the earth's surface. The equa- 
tion for the pressure is p^s^dgh^ where d is the density of mercury, 
h the height of the column, and g the force of gravity. A cor- 
rection necessary in the formula, where great accuracy is required, 
on account of the expansion of mercury due to varying tempera- 
ture Mercury expands g-gVo P^* ^^ ^^ hviik for 1 ® of Fahrenheit, 
and for t^^ -qqqq =0-001001.t The equation p^dgh. (1 + 

0.001001.^), gives the pressures very closely. The vacuum left 
in the tube, by the descent of the mercury, in the second experi- 
ment, called the Toricellian vacuum, after the discoverer of its 
true nature. 

The Babometeb. 

138. Construction and use of the Barometer described Baro- 
meters of two kinds, with their modifications; one where a straight 
tube dips into a cup of mercury; the other, where the terminal 
end of the tube is bent upwards. Demonstration by aid of 
sectional sketches, and of the instruments themselves. The 
Aneroid Barometer. 

139. The equilibrium would not be disturbed were the shorter 
limb, of the second kind of barometer, produced as far as the 
upper limit of the atmosphere. The experiment of mercury and 
water in a syphon tube repeated in illustration. 

140. The descent of mercury, on ascending hills, in the baro- 
meter. The diminution serves to show the height above the sur- 
face, or level, of the sea. Pascal's experiment. He carries a 
bladder which was half full of air at the foot of the Puy-de-Dome 

h 



50 



to the top, the bladder swells out as he ascends; he brings it down 
again — it collapses to its former volume. Construction and use of 
the mountain barometer. 

141. The volumes of air are inversely as the densities: the 
height of the atmosphere^ consequently, much greater than it 
would be on the hypothesis of equal density throughout Leslie's 
formula for ascertainment of heights, by comparison of barometric 
columns. 

As the sum of the merctmal columns is to their difference^ so is 
52*000, to the elevation of the higher station, above that of the lower 
one. 

Mass and HEianr of the Atmosphebe. 

142. Let S be the surface of the earth in square feet, then 

M=2-5 d S 
expresses the mass of the atmosphere.* 



143. Diurnal oscillation of the barometric column — at the 
equator — observed by Humboldt 



Phases of 
Oscillation. 



Relative minimnm. 
Absolute maximnin. 
Absolute minimum. 
Relative maximum. 
Relative minimnm. 



Times of Oscil- 
lation. 



4li. morning. 
9h. morning. 
4h. evening. 
lOh. at night 
4h. morning. 



Length of the 

Barometer 

Column. 



H — -0176 in. 



H -h -0441 m. 
H — -0358 in. 
H -h •0088 
H — -0176 in. 



in. 1 
in. ) 



Movement 

of the 

Colomn. 






Rises. 
Fans. 
Rises. 

Falls. 



H the xnean height of the barometer. 

Note. — ^Amplitude in Europe, according to the same authority, of diurnal 

variation 0*07874. 



♦ Appendix, Note N. 
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144. Were the atmosphere of the same density throughout, its 
height and that of the mercurial column would be inversely as 
their densities. The density of mercury is 1106S times that of 
ordinary atmospheric air, at the sea level. We have for the height 
of the atmospheric mass, under these circumstances 

A=11065x 2-5 feet 
=5 miles nearly. 

Modifications to this result proved by experience to be necessary. 

145. Decrease of density, therefore of pressure, with increase 
of aqueous vapour* Gay Lussac found the density of the vapour 
of water to that of dry air to be as 10 to 16 nearly. The use of 
the barometer as a weather glass, greatly dependent upon this fact 

146. Decrease in density with increase of altitude. As the 
height increases in arithmetical progression, the atmospheric 
volumes increase in geometrical progression. Table of relation 
of atmospheric height or density. 

Height above the sea in miles. Volumes. Pressura 

0-000 1 30 in. 

2-705 , 2 15 

6-410 4 7-5 

8-il5 8 3-75 

10-820 16 1-875 

147. Probability that the height of the atmosphere does not 
exceed 45 miles, considered. Limit not beyond the height, where 
the centripetal and centritiigal forces balance each other. Con- 
sequences of its exceeding this limit The wisdom of the deity 
manifest in the assignment of such a limit.* 

* Appendix, Note O. 
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Balloons. 

148. Their construction^ and use in .Srostation^ described. 
Heads of discussion. 

First Condition of Ascent 

Second, Limit of Ascent 

ITiird. Method of Descent 

Fcmih. Method of Re-ascent 

The Trade Winds. 

149. The Dh-ection of the Trade Winds constant from N. E. 
and S. E. on the north and south sides, respectively, of the 
Equator. Their importance to navigation. The Trade Winds 
seem chiefly due to the excitation of the intertropical regions, 
by the sun's rays. Prevailing winds at Agra, and Monsoons in 
Bengal, to what causes due. 

150. The influence of the Trade Winds in equalizing tempe- 
rature. The occasion afforded by them to general intercourse 
amongst men. The provision they afford for harmony, and 
equilibrium in the organic world. 

151. The atmosphere considered as a vehicle of Sound. Its 
perfect compatibility with this office. The wants, sympathies, 
and thoughts of men and animals, thus readily comnmnicated to 
one another. 

152. Sound propagated in all directions from an excited 
sonorous body. Rate at which it travels, in ordinary conditions 
of the atmosphere, 1130 feet per second.* The distance of dis- 



* The anthorities quoted by Herschel give the Telocity at the freeasing point, 
and under ordinary pressnre, aboat 1122 for ordinary temperatures. These 
determinations are for the sea level; at higher elevations the elasticity becomes 
enhanced and therefore the velocity greater, as also because the mass to be mored 
by the wave producing power is less. 
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charged artillery, or of a thnnder-clond, may be thus determined. 
The atmosphere not the best conductor of sound. Biot's experi- 
ment, in proof of this, described. Experiments careftilly per^ 
formed, under water, have shown its conducting power to be 
about 4708 feet in a second. 

153. Without an atmosphere sound could not exist 

EXPEBDOBNT. 

A Bell is fixed in the receiver of an air-ptimp, and the air exhausted; the bell 
when agitated gives no sound. 

Discussion of the experiment 

154. Whirl-winds : their origin and motion. Cyclones. 



54 



CHAPTER X. 



HEAT. 



155. Sources of Heat The chief natural sources of heat, the 
sun and thermic springs in the interior of the earth : the former 
produces temperature; the latter begets volcanic and other forces, 
and is an essential condition of the production, and continuance, 
of animal and vegetable life. 

156. Universal presence of heat Faraday succeeded by 
artificial means in reducing heat to — 166*^ of Fahrenheit; and 
M. Natterer produced cold of— 240^ F. by mixing together 
nitrous oxide and sulphuret of carbon in vacuo. The expressions 
hot and eoldy of comparative signification only. No ground for 
believing that either extremity of tiie scale has yet been arrived 
at Galvanic heat, which bums the most refiractory metals, 
not to be assumed the most intense possibla Recent theory 
of Professor Grove, tiiat heat and motion are only different 
manifestations of tiie same power. Professor Thompson supports 
the same view matiiematically. Undulatory and radial theories. 
The former makes heat analogous to light and sound. 

157. Caloric classed among imponderable bodies; is capable 
of being absorbed and treasured up in great quantities. No 
difference of weight resulting £rom such saturation. 

158. Remarkable power of endurance of heat in human beings. 
A young woman remained for some time in an oven heated to 
262^ of Fahrenheit A Frenchman gained a livelihood, a few 
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years back^ by exhibitions in this way : such as carrying victuals 
into a heated oven ; waiting till they were cooked^ and bringing 
them out again. Suitableness of this quality to the destiny of 
man. 

Eyapobation. 

159. Cooling effects of Evaporation. From the skins of men 
and animals. From the ground. The accumulation of heat 
in the surface of the earthy in the N. W. Provinces, before the 
setting in of the rains. This heat, imparted to the air, causes the 
winds called " hot winds." On the falling of rain, evaporation 
commences, and heat becomes thereby absorbed. Hence the 
coolness which attends the setting in of the rains, and which is 
experienced also when, upon an east, moisture-bearing, wind, the 
dry west wind sets in, causing sudden rarifaction in the atmo- 
sphere. Astonishing proof of the cooling effect of evaporation, 
devised by Boutigny. He froze water in a muffle, alongside of 
gold and silver in fusion, by means of sulphurous acid. A punkah 
does not reduce temperature : it changes the air in contact with 
the skin only, thus promoting evaporation. Dogs dislike punkahs. 

EXFEBIMENT. 

First. Cooling effect of eyaporation shown, by ponring heated water, from the 
same kettle, into two bolt-heads; the one being made to boil under the receiver 
of the air-pnmp, the other allowed to stand apart. That which has been boiling 
is found to be of lower temperature than the other. 

Second. The bulb of a thermometer, enveloped in muslin rag, has SBther 
dropped upon it, the mercury in the tube descends 

Three States of a Body. 

160. Bodies have three states common to them, in relation of 
heat. 

First By heat, they become gases at a point called the ^^ Boiling 
poinV^ 
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Second, By cold, they become soUds at a point called the "Freezing 
pointJ* 

Third. Betioeen the freezing and boiling point they are liquids. 

The Cobpusculab Theobt of Laplace. 

161. The three states of a bodj^ yiz: Solid, Liqidd, Gaseous, 
depend, according to Laplace, respectively upon — 

The absence of heat between the constituent particles* 

The presence of heat of but little force. 

The presence of heat of sufficient force to dissipate the particles. 

162. Expansion of fluids by increase of heat, and solidification 
by cold. This augmentation, and diminution, employed for ascer- 
tainment of temperature. Of fluids, quicksilver best adapted for 
this purpose, on account of the evenness of its expansion, within 
the limits of its own freezing point and the boiling point of water, 
at a rate given in para. 137, page 49.''^ Its indications also true 
beyond the latter point Alcohol — spirit of wine — ^preferable for 
very low temperatures.! 

The Thebmoheteb. 

163. The mode of construction, the graduation, and the prin- 
ciple of action of the Thermometer, described. 

Thebmohetbic Scales. 

164. Three kind of Scales in use; those of Fahrenheit, 
Reaumur and Celsius — ^the latter known also by the name of the 

* Regnault's formula of expansion is 

1 + O-0OO179OO7r + 0-0000000252316<« 
the scale for t being centigrade, and the unit taken at of that scale. 

t Appendix, Note P. 
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Centigrade Scale. Comparatiye view of their graduations shown. 
Origin of the zero point in Fahrenheit's Thermometer. Equa- 
tions for converting any degree^ of one of these scales^ into an 
equivalent degree of another. 

180F*=100C=80R 
•■• F = gC= ^R 

c= ?f=|r 

. R= |f=Jc 

General equation of conyersion. 

x^F=(x— 32)^1 C=(x— 32)«>.| R 



165. All bodies^ solids as well as fluids, expand by heat. Im- 
portance of this fact to the arts. The tires fixed on the wheels 
of carriages by virtue of this principle. The tire is made a little 
too small at first, then heated and applied to the wheel ; when 
cool, it contracts and binds the wheel tightly. A very striking 
application of the same principle made in Paris. The walls of 
the Museum of Arts and Manufactures had bulged out ; strong 
iron bars were passed through the walls near the roof, the pro- 
truding ends bearing iron disks, which could be screwed towards 
each other. Alternate bars were heated, and thus lengthened ; 
the disks were now screwed up close to the walls and the bars 
permitted to cool. The contraction which followed, in the bars, 
drew the walls towards each other. The same process was re- 
peated on the other bars ; and so on, until the walls were restored 
to the perpendicular. 

♦ 212«— 32* = 180* the distance in degrees between the freezing and boiling 
points of water, in Fahrenheit's scale. 
I 
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166. Water expands above 40^ F by increase of temperature, 
and below the same temperature it expands by increase of cold. 
Hand of Providence visible in this law. 



1.67. A simple experiment, to illustrate the expansion of metals 
by heat, performed. A bar of metal, fitting when cold into a 
metallic groove, does not do so when heated. Metals expand 
differently by the application of heat Platina expands the least, 
and lead the most If a rod, consisting of two slips of different 
metals soldered together, be heated, the rod becomes incurvate, 
by unequal expansion of its constituent metals. 

168. A compound bar of copper and iron, made in the cold 
climate of England, and intended for illustration of different 
expansibility, exhibited. It is permanently incnrvated by the 
high temperature of India. Importance of this fact considered, 
and the remembrance of it enjoined. Were an iron tube for the 
transmission of steam, or of boiling water, or even a bar, subject 
to great variation of temperature, to abut against a building ; the 
building, on the tube or bar being heated, would be thrown down, 
or they would themselves break. Bars of different metals may 
be so associated, that the change in length, under varying tern- 
perature, shall be neutralised. This done in Chronometers, 
Pendulums for Clocks, Rods for Geodesic purposes, &c Com- 
pensations, construction of Pendulums, and Balance- Wheels. 

The Ptbometeb. 

169. The Pyrometer, an instrument for measuring the expan- 
sion of metallic bars by heat, and conversely. The instrument 
exhibited, and the principles of its construction described. Ex- 
periments with bars of different metals illustrative of its use. 
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I 

Table shoioing the amount of linear expansion of a few aoUdsy on 
heating them from the freezing point of water to the boiling point 
of the eamje. 

Lead 1 on 351 Brass 1 on 584 

Glass 1 ,,491 Pure gold 1 „ 682 

Silver 1 ,,524 Iron wire 1 „ 812 

Copper 1 ,,581 Platinum 1 ,,1167 

170. Expansion in volume of a few fluids within the same limits* 

Air. 30 measures become 31 

Alcohol 9 „ „ 10 

Fixed oils 12 „ „ 13 

Water 22-76 „ „ 23*76 

Mercury 55*5 „ „ 56*5 

171. The co-efficient for the total expansion by heat, three 
times that for the linear expansion.* 

Incandescence. 

172. All bodies, solid or fluid, become incandescent at the same 
temperature, viz. about 977^ of Fahrenheit's scala 

LATEin: Heat. 

173. The subject of latent heat resumed. Familiar instances 
and examples. Modes of production in nature and art By 
solution. By vaporization. Advantages to domestic comfort, 
resulting from an acquaintance with its natura Evidence in the 
effects of evaporation already noticed. 

* Appendix, Note Q. 
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174. Numerous means adopted for the production of intense 
cold, according to the purpose to be subserved by it A body 
changed &om the solid to the fluid state, renders latent a great 
deal of heat Ice exposed to a warm atmosphere dissolves; the 
atmosphere becomes cool in the vicinity, while the solution is 
proceeding; the fluid having no higher temperature than that 
of the ice, so long as any portion of the ice remains undissolved. 
1 lb. of water at 172^, mixed with 1 lb. of ice at 32*^ gives the 
product 2 lb. of water at 32^. Here 140^ of heat has been 
rendered latent by the solution of the ice.* 

175. An efficient mixture for the cooling of water, or of wines, 
made by the taking 5 parts of sal ammoniac (Noshadar), 5 parts 
of nitre, (Shorn), and 16 of water. The water may afterwards 
be evaporated ofi^, and the mixture preserved. The same material 
may with care be made to serve several times ; but it becomes 
mixed with other salts from the water, which ultimately impair 
its efficiency. A cooling mixture, of great intensity, obtained 
by dissolving finely poimded sulphate of soda in muriatic acid. 

EXPEBXMENTS. 
First Water cooled bj a mixture of sal ammoniac, nitre, and water. 
Second. Bj solution of sulphate of soda in muriatic acid. 

176. Bodies passing from the solid to. the liquid, as also from 
the liquid to the gaseous state, absorb heat. The latter fact how 
availed of in the arts. The making of ice, in this country, de- 
pendent upon it as a prime condition. Water is exposed to the 
evaporating power of the atmosphere, in shallow earthen vessels 
Layers of straw are placed under them, to prevent communication 

rf heat from the earth. The atmosphere being usually very dry 

*_ — ■ . ■ ■ — ■' ■ ■ » 

* Heat of the constituents 172 + 32<>=204« 

„ „ product 32<» X 2 = 64*» 

Heat rendered latent 140*' 
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in the cold season, evaporation goes on actively during the night, 
and conseqnentlj absorption of heat ; whereby, ere morning, the 
water is frozen. When the atmosphere is cloudy, and consequently 
evaporation sluggish, the manufacture ordinarily fidls. Descrip- 
tion of Leslie's arrangement, for the Tnalring of ice under an 
exhausted receiver, and experiments therewith. A delicate ther- 
mometer, placed in the receiver of an air-pump, falls as the 
exhaustion proceeds. 

EXPEBIMENTS. 

First. The bulb of a thermometer is coyered with miudin rag, and sDther dropped 
upon it; as evaporation proceeds the thermometer falls. 

Second, Water frozen by WoUaston's Cryophorus, The empty bulb of the 
instrument is placed in a mixture of finely pounded ice and salt ; the rapid 
evaporation produced thereby, in the other bulb, causes the water there to freeze. 

Daioell's Htgbometeb. 

177. The Hygrometer, an instrument for measuring the amount 
of saturation, by moisture, of the atmosphere. Ingenuity and 
elegance of the instrument devised by Professor Daniell, for 
this purpose. Production of dew by the Hygrometer, shown 
by experiment, and practical inferences deduced from the same.* 

178. Bodies, in passing from the gaseous to the liquid, and 
from the liquid to the solid state, give out heat Effects of motion 
in producing solidity in fluids. Still water may be cooled down, 
considerably below the freezing point, without becoming solid. 
The moment it is agitated it becomes solid and rises to 32®. 
Water poured upon quicklime forms a solid ; during the change 
heat is given out, so as sometimes to cause ignition. 

ExFEBDiENT. 

Spirit of wine is poured into a saturated solution of sulphate of potash, the 
salt is precipitated, and the temperature of the mixture rises. 

♦ See Regnault, on Hygrometry Comptes Rendues, No, 26 of 1852. 
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DiSTILIATION. 

179. A model of the common Still exhibited and described, 
while the process of distillation is going on. During the course 
of ebullition, when once the water has attained the boiling point, 
its temperature rises no higher, be the fire ever so strong. In- 
crease of temperature of the condensing water caused by the 
latent heat given out by the steam on condensation, pointed out 
Vapour here carries the heat, taking it &om the fire and giving 
it to the condensing water. In culinary processes, it is a waste of 
fuel to use more than is necessary to sustain ebullition. Liebig's 
condenser. 

Conduction op Heat. 

180. Heat, unlike other properties of matter, possesses a ten- 
dency to equilibriimi. Two differently heated bodies, placed in 
contact, communicate heat to each other until both of them are 
equally heated. Existence of heat, as an independent element, 
argued for on these grounds. The action of the thermometer 
depends upon this property of heat. Experiments illustrative of 
this. Some substances become heated sooner than others, when 
placed in contact with bodies hotter than themselves. Bodies 
on this account are said to be good or bad conducters of heat. 
Denser and heavier bodies, generally, conduct heat better than 
those that are less so. No body absolutely a non-conducter of heat 
Liquids conduct slowly. Water may be boiled at the upper part 
of a test tube, while ice remains undissolved at the bottom. 

The following Table exhibiU the comparative conducting powers of 

a few substances. 

Gold 1000 Tin 304 

Silver 973 Lead 180 

Copper 898 Marble 24 

Platinum 381 Porcelain 12 

Iron 374 Clay 11 

Zinc 363 
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181. Very low conducting power of clay remarked upon. The 
wisdom of the Creator manifested^ in thus providing for the pro- 
tection of the vegetable kingdom^ against violent changes of 
temperature^ by making the soil a bad conductor. The natural 
clothing of warm-blooded animals are among the worst con- 
ductors of heat, such are hair, wool, feathers, &c. Bears at the 
north pole, invested with a coating of such material, are protected 
against the influences of perpetual winter. Wool, used for the 
manufacture of clothing, in cold climates, on this accoimt Wrap- 
ers made of wool employed, on the same grounds, in this country, 
for the conveyance of ice from the pits were it is stored. Ice 
may be preserved for a considerable time, wrapt up in blankets ; 
care being taken that they be' dry when used. The husks of cereals, 
being the clothing of the grain, answer a similar purpose, guarding 
it against injurious change of temperature. 

EXFEBIHENT. 

Seyeral equal slips of different metals haye a portion of phosphoms placed on 
one end. A lighted spirit lamp is introduced beneath the free ends of the metallic 
slips; the phosphorus on the best conductor ignites first, and so on. 

Radiant Heat. 

182. Heat considered as emanating from the surface of bodies, 
and traversing space in straight lines. Such heat technically 
called radiant. The sun, the greatest radiating body known to 
us. The temperature of the earth increases as the depth, about 
1^ for every 60 feet, as appears by its rise downward in Artesian 
wells. The water of the well of Grenelle issues at a constant 
temperature of 81® F. 

183. Heat from the sun is diffused through space, in intensity, 
inversely as the square of the distance from him. Probability 
that solar heat is diminishing. Probable change in prganised 



64 

forms, on the planets of our system, suited to that decrease. The 
remains of the elephant, rhinoceros, palms, &c. in cold climates, 
may he regarded as evidences of this decrease. Ljall's opinion 
that dry land accumulated about the equator^ during the period 
of the existence of tropical fauna in high latitudes, conducted 
heat necessary to their being. Poisson's theory, that the tem- 
perature of that portion of space through which the solar system 
now travels is different &om that in which it was formerly 
travelling — it being now in a cooler region than before — uncon- 
vincing. The most probable theory, perhaps, is that the sun's 
heat is on the decrease.* Impossible for us to know whether 
total organic annihilation will follow, after all his heat shall have 
become exhausted ; or whether there may not exist a power of 
restitution, without creative interference ; if not, whether creative 
interference may not take place. 

184. All bodies, like the sun, emit heat in all directions, and 
with a velocity proportioned to the relative condition of the 
bodies. If, in a system of bodies, the temperature of any one 
body be lowered below that of another, it will soon be restored 
by radiation from its neighbour. The destruction of organic life 
would be a consequence of the constant radiation of heat, were 
there not as constant a supply provided for its replacement 
Diminution of temperature on ascending high into the air read- 
verted to. Temperature of space, according to Pouillet, — 265^ F. 

EXFEBIHENT. 

The bulb of a thermometer, wrapt in fibres of cotton, is placed in the focus of a 
parabolic mirror, and the mirror interposed between it and the earth. The ther- 
mometer, being exposed to a clear skj, falls. 



* The anthor of the lectures, sketched in this work, has lately met with the same 
theory, similarly worked out, by Sir John Hersehel. Note to 2nd Edition. 
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185. Dr. WeDs' theory of the formation of dew upon the same 
principle. Melloni and Pouillet verify the theory by direct and 
varied experiment. Freezing of water upon the leaves of plants^ 
often witnessed in this country^ an admirable illustration of this 
fact During a cloudy or stormy night, the balance of temperi^ 
ture being then readily restored, dews do not form. 

EXFEBIMENTS. 

First. Two parabolic metallic mirrors, with highlj poliflhed sorfaces, are placed 
opposite to, and at a distance from each other; a mass of heated iron is placed in 
the focns of the one, a delicate thermometer in that of the other—the thermometer 
instantly rises. 

Second, The same arrangement, bnt with a freezing mixtore^the thermometer 
falls. 

186. The first of these experiments shows that heat may be 
deflected from the surface of one parabolic mirror into the focus 
of another, placed opposite to it ; the second that heat may be 
withdrawn from the focus of the mirror under similar arrange* 
ment. Cold has no positive existence ; the diminution or sensible 
absence of heat is cold. When restitution of heat is not made, 
as in the falling of the thermometer in the second experiment, we 
call it cold. Phenomena developed during the two experiments 
discussed. 

187. Principle on which the two last experiments depends* 
Rays of heat, emanating from the focus of the one mirror and 
falling on its surface, are deflected from it, in lines parallel to the 
common axis of the mirrors, and thus faUing on the surface of 
the other mirror are deflected into its focus. The law in this 
case, the ordinary physical one, that the angle of incidence of 
the rays is equal to the angle of reflection. Mathematical 
demonstration of the law.* 



♦ Appendix, Note B, 

k 
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188. The best reflectors are the worst condnctors. Bodies 
differently coloured have different radiating and absorbing powers. 
Black has the greatest absorbing power^ and white the least 
Professor Leslie places strips of cloth, of different colours, upon 
snow exposed to sunshine, the black sinks the deeper; on the 
white no sensible impression is made. A thermometer, which has 
its bulb blackened, stands higher than one uncoloured. Any thing 
to be preserved from the effects of heat should be covered by 
a light, in preference to a dark, pigment or envelope. White 
clothing not suitable to cold, but appropriate to hot weather. 
The latter doubtless the reason why experience has suggested the 
use of white apparel in India. The advantage in having cooking 
utensils black below, on the outside, and polished above. For 
keeping fluids warm the containing vessel should be a bad radiator. 
Fluids, in such cases, to be preserved in vessels the outer sur&ces 
of which are polished. Professor Leslie's experiment with a 
hollow tin globe. The time required while the surface was 
polished, for cooling the hot water contained in it from 35^ to 
25** Centigrade, was 150 minutes. The same globe, covered 
with lamp-black, required but 81 minutes to produce the same 
effect 

Radiating Powers. 

Lampblack 100 Plumbago 75 

Writing paper 98 Tarnished lead 45 

Sealing wax 95 Clean lead ••• 19 

Crownglass 90 Polished iron 15 

China ink 88 Do. tin, gold, silver 

Red lead 80 and copper ••... 12 

189. The comparative radiating powers of different sub- 
stances, for instance those given in the table, found by varying 
the coating of the globe. Lamp-black the best radiator, and 
polished tin, gold, copper, and silver, the worst Difference of 
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radiation between tHe same metal hammered and cast, when its 
surface is polished, and when slightly scratched 

EXPEBIMENTS. 

First. Cubical vessels of tin are filled with boiling water, and the strength of 
radiation tested. The heat emitted hy the blackened sarface found to be the 
greatest, by the polished one the least, and so on. 

Second, Two disks, one blackened, the other polished, are provided with 
phosphorus bearers. The disks are made to radiate hy exposures to equal heat: 
the phosphorus of that which is blackened becomes ignited, while that of the other 
remains unchanged. 

Specifio Heat. 

190. Bodies have capacities for heat special to themselyes, 
which is constant for the same body, and which, with reference 
to some standard, is the measure of the Specific Heat of that 
body. 

191. If a cubic inch of iron, on being heated from the freezing 
to the boiling point of water, absorb a certain quantity of heat, 
the same mass of iron, in the same condition, will always absorb 
the same quantity of heat ; a cubic inch of lead will, however, 
absorb a different quantity of heat, under the same condition, and 
so for other substances. The quantities of heat taken up by the 
iron and lead respectively are their specific heat 

192. In most bodies the effect produced by a given amount of 
heat differs, for different temperatures of the bodies. In the case 
of water the effects are equable. Water taken, therefore, as the 
standard of specific heat. 

193. The specific heat of bodies will under the same thermal 
conditions vary inversely as the effect produced on their masses. 
If c, c' ; m, m'; t®, t^° be the specific heats, masses, and tem- 
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peratnres produced by the same quantity of heat^ of two dif- 
ferent bodies ; we shall have— 

d mt^ 

If c be the specific heat of the standard body, and therefore 

unity, we have— 

,_ mt« 

If the masses be equal, Le. if m=m' 



1 94. The Specific Heat of bodies determined by several methods. 
The following is the most convenient: 

FirsL By heating them from a known temperature to to the 
boiling point of water ^ and then observing the thermometric effect 
produced by cooling them in a given quantity of water. 

Second. By observing the time which they require to cool down 
to a given temperaturCj in a closed and polished silver vessel 



1 95. Dtjlong's Law : The Specific Heat of bodies is inversely as 
their atomic weights. 

Cor. The atoms of simple bodies have the same capacities for 
heat 

Detailei) Exfebiment. 

196. Determination of the specific heat of brass by the first 
method: — 
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Weight of brass 1000 grs. 

Da water 4 oz. 1920 y. 

Brass heated to 212^ Fahrenheit 

Temperature of water prior to experiment ••• 69^ y^ 
Do. Do. after Do. ... 76? „ 

The 1920 grs. water have thns been heated 

by the cooling of 1000 grs. of brass 7*00 ,, 

G>nseqa^itly 1000 grs. wonid have been 

heated 1-92x7? 13-44o „ 

Again^ 1000 grs. of brass have been cooled 

down (212?— 76*>) 136° in order to heat 

1000 grs. of water 13-44* 



lO 



The capacities of the two substances for heat are therefore 
13-44: 136. Hence^ taking water as the unit, the specific heat 
of brass is, by the equation given above — 



^^'^"^=-099 
136 
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CHAPTER XL 



ELECTRICITY. 



197. Electridty^ a power known to be inherent in amber by 
Thales^ 600 years before tbe Christian era. The same knowledge 
possessed by the Arabs also^ probably derived from the Greeks. 
Amber called in Persian^ Kyroba^ ^^the straw-attractor.*' Speci- 
mens exhibited^ and its characteristic property shown. 

198. Universal prevalence and dominion of electricity. Grreat 
interest attaching to the subject Discoveries of Professor 
Faraday. Their scientific and economic value. Identity of the 
directing power of the magnet and the thunderbolt Light found 
to be subject to electric influence^ and may be made to revolve 
thereby similarly, to a metallic needle. Electricity revealed to 
our senses only when its equilibrium is disturbed. Like heat, 
electricity does not augment the weight of bodies. Its essential 
nature yet unknown. Its physical properties the subject of our 
discussion. 

199. Franklin's view, that there exists but one kind of elec- 
tricity, through in different intensities. Excess termed by him 
positive; defect, negative electricity. General opinion at present 
in favor of two forces or fluids, possessing common and distinct 
properties; sometimes termed yilrious or resinotis, as they are of 
the kind excited by friction on glass or on resin, respectively. 
The terms adopted by Franklin more fi-equently used. The 
subject naturally divides into two distinct branches ; Frictional 
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Electricity, and (Jalvanic Electricity. Frictional Electricity the 
subject of the present chapter. 

Frictional Electricity. 

200. Many substancs, such as amber, glass, shell-lac, &c, when 
subjected to friction, develope electricity ; hence the name adopted 
for this division of the subject A dry atmosphere necessary to 
success in such experiments. 

Experiments. 

First A feather, suspended by a fibre of silk, is attracted by an excited glass 
rod, and is then repelled by it. 

Second, The same with a rod of lac. 

ThircL Balls of pith, fragments of paper, &c., are alternately attracted and 
repelled by either rod 

Fourth. The feather, repelled by the glass rod, is attracted by the lac one, and 
reciprocally. 

Fifth, Feathers, excited by either rod, repel each other.* 

Law. 

Like kinds of electricity repel, and unlike kinds attract each, 
other. 

The Gold-leaf Electroscope. 

201. The instrument exhibited ; and the principal of its con- 
struction, and of its action, described. Its efficiency, as an indica- 
tor, also as a measurer of free electricity, considered. Temporary 
and prolonged separation of the leaves. 

* The feathers of the peacock's tail, the eye portion especially, exhibit electrical 
phenomena in singular intensity. The natives of India have been long cognizant 
of the fact, excited feathers being playthings amongst their children; but they do 
not seem to have divined the cause. 



72 

EXFEBDIEHTS. 

First, A gliuf rod is excited and made to approach the knob of the gold-leaf 
electrometer ; the leayes separate. 

Second, The same experiment with a rod of sheQ-lac 

CoRDnCnNG ABD NoN-COHDUCTINa B0DIE& 

202* Electricity, like heat, travels more freely along some 
bodies than along others. Bodies accordingly said to be conduc- 
tors or non-conductors. Cavendish computes the conducting 
power of water to be to that of iron, as 1 to 400,000,000. The 
following table contains bodies, and classes of bodies, arranged 
according to conducting efficiency. 



CondiiCtOTSm 


Non conductors. 


Metals.* 


Glass. 


Charcoal 


Sulphur. 


Water. 


Resin. 


AlcohoL 


Ice. 


Damp air. 


Shell-lar, 


Vegetable and animal bodies. 


Dry Grases. 



203. No body a perfect conductor, or the contrary. Bodies 
vary in conducting power with variation in condition. Natural 
tendency to electric equilibrium. Insulation, in what consists, 
and how effected artificially. Non-conductors also insulators. 
Insulated conductors retain electricity. 

204. niustration of the statements first made. It is shown 
that the electricity can be readily drawn firom a conducting body 
charged with it, by approaching to it the finger, or a metallic 

* Comparative powers of some familiar, and electrically important, metals. 
Lead. Tin. Iron. Zinc. Copper. 

1. 2. 2-4. 4. 12. 
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rod. The approach of rods of glass or lac produce no such 
effect Instantaniety of the electric spark. According to 

Wheatstone its duration is about of a second. Rapidity 

of electric motion inferred Wheatstone makes out by direct 
experiment the velocity of electric movement through copper wire 
to be 288,000 miles in a second of time. Fizeau in France, and 
Mitchell in America, found it to be less than a fourth and tenth 
part of that amount respectively. Hygrometric differences in 
the atmosphere during the experiments might have to do with 
the disparity in the results; as also might unequal sensibility 
of mechanical contrivance. Wheatstone's mode of experiment 
seems to be pai-ticularly free from errors of an instrumental kind, 
and even of observation.* Contrivance by which Wheatstone 
succeeded in measuring the intsantaniety of the electric spark. 
Illustration by means of a disk, painted radially with the prismatic 
colours. 

EXFEBDIENTS. 

First. A copper wire is suspended by a silk thread from the roof of the College. 
It is suspended bj the middle, both ends hanging near the ground. One end has 
two parallel slips of gold leaf attached to it. An excited rod is presented to the 
free end : the gold leaves instantly separate. 

Second, Demonstration by means of Wheatstone's revoMng mirror. 

Third, The copper wire has a portion cut off and re-attached by a silk thread 
— ^the excited rod presented as before — no repulsion between the gold leaves. 



205. All bodies have electric states special to themselves, — 
subordinate to the two great classes, positive and negative. 
Classification of bodies on this ground. The earth and air, the 
great resevoirs of electricity ; the former being usually charged 
negatively, the latter positively. Illustration by the dipping needle. 
Violent demonstration of the tendency to equilibrium, after long 



* See also Faraday, PhiL Mag. for March, 1864, p. 201, et infra. 

I 
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drought Trees and animals being conducting media, often 
destroyed thereby. 

206. The electric tension of the atmosphere owing, according to 
De la Rive, to the lower ends of atmospheric columns being hot, 
while the upper ones are cold. The currents are from the sun's 
parallel towards either pole above, and conversely below. The 
electric passage, through frozen spicula near the poles> probably 
produces the aurora. 

The Electbic Sfabk. 

207. Otto de Gnericke and Hawksbee first discovered that not 
only do vitrious and resinous bodies develope electricity when 
rubbed, but also that the development is accompanied by a crack- 
ing noise; and that, in the dark, flashes and sparks of light are 
observable. Similar phenomena often develope themselves under 
ordinary circumstances, such as sudden removal of worsted or 
silk clothing from the person, the stroking of the back of a cat, 
combing the hair, &c. 

ExFEBIMEIfT. 

A student 19 placed on the intolating stool, and flapped with a silk handkerchief: 
he places his JSnger on the gold4eaf electrometer; the leaves separate. 

Electbic Polakht. 

208. Term derived from the same root as that applied to the 
extremeties of the earth's axis. Meaning of the term pole in 
this case. Polarity by induction; in what con»sts and how 
produced 

EXPEBIMENTS. 

FirsU An insulated metallic rod has pith balls suspended bj moistened threads 
from its ends. It is charged with electricity, and that in the balls tested, — the one i» 
found to be charged with positive, the other with negative electricity. 

Second. The same with insulated conductors in presence of ft charged conductor. 
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The EiLBOTRio Macbini. 

« 

209. Description of the Electric Machine, and the principles of 
its construction. The cylindrical machine. The plate machine. 
Their respective efficiency in producing electricity. Electric 
Induction. The Electrophorus. Construction and mode of action. 
Experiments with the same. 

The Poweb of Points. 

210. In what the power of Points consists. Interest attaching 
to this &culty, on account of its application to the protection of 
buildings, ships, &c. Laplace's law "of electric tension, ie. that 
it is ^' directly aa the density and inversely ae the eurfajce/* conndered. 

EXFEBDiENTS. 

Pint, The prime conductor is charged, and its dischazge effected by the eommon 
discharging rod. 

Second. The electric machine is put in action : a conductor with a spherical end 
is brought near to the prime conductor: the electricity- flows towards it in a con- 
tinuous stream. 

Third, The arrangement as before. A current of electric sparks flows as in the 
former case. A pointed metallic rod is approached to the prime conductor ; the 
current to the conductor first mentioned ceases. 

Fourth, A metallic point is inserted in the prime conductor and the machine 
brought into action; the electricity is discharged silently and invisibly by the 
point 

211. Discussion of these experiments. Inference that a point 
is more suitable for drawing o£P electricicy than other forms. 
Franklin's experiment for drawing down electricity from the 
clouds; also^ De Romos and Cross's experiments for the same 
purpose^ and their results. Application of this property in points 
to the construction of lightning conductors. Their construction^ 
and mode of application to houses and ships^ described.* 

* A recent instance of the destructive efiects of atmospheric elasticity may be 
given here. A schooner called the Alma, carrying a large quantity of gunpowder 



212. Thunder house described, and experiments iherewitL 

213. If two spheres of equal diameters be in contact, two 
centres of greatest electric tension are found to exist at the points 
opposite to those of contact If a sphere of greater diameter be 
in contact with one of less diameter, the maximum tension is 
similarly situated as before; but the tension, at the surface of the 
smaller sphere, is found to be greater than that at the surface of 
the greater. A series of equal spheres in contact exhibit corres- 
ponding results as in the first case. A series of spheres constantly 
diminishing give results corresponding to the second case. There 
are two loci of maximum tension in either case, viz., at the 
opposite extremities of th^ series. Accordance with Laplace's 
law, quoted above. Experiments confirmatory of these statements. 

214. The polar states of conductors, and the power of points, 
deduced from phenomena developed in these experiments, in 
accordance with Laplace's law, quoted above. 

215. Difference of the luminous appearances at the extremities 
of positive and negative conductors. In the former case a bright 
star appears, and increases as a pointed conductor is made to 
approach a ball charged positively; as it is made to approach a 
ball charged negatively, the star, which at first appears, changes 
to a brush, and ultimately breaks up into sparks. 

The Leyben Jab. 

216. Construction of the Leyden Jar. It furnishes a means of 
accumulating electricity. Discovered by a Dutch philosopher 

■ - -1 - I ■— ■- ■ - — T Ti -|-»- ni--- r- — — _ 

was blown up at Malacca, in November, 1S55, during a thander storm; and three 
only, out of the crew and six passengers, escaped'death. 
For further examples, see Harris on Thunder Storms, 
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who resided at Leyden, and hence the name. Attempting to 
electrify some water, contained in a phial, he nnexpectedlj 
experienced a concussion of the kind which now bears the name 
of the electric shock. The residual discharge in the case of 
dectric jars of great capacity, to be guarded against; the quantity 
of electricity remaining after discharge, having been found to be 
about -^ of the whole charge. 

217. The tinfoil coating of the interior and exterior of the 
Leyden Jar not essential. Its function, the equal distribution of 
the electricity over the surface of the jar. The electric tension 
acts on the surface of the glass. If the charging be carried too 
far, the glass may be pierced. 

EXPEBIMENTS. 

FirsL The electric shock. 

Second. A Leyden jar has a moveable metallic coating. When charged the 
coatmg is removed, and after a time replaced. The discharge takes place as 
nsnaL 

TMrcL A bell Jar is moved about over a point from which a current of electricity 
flows ; it is now placed over pith balls resting on a metallic plate; the balls dance. 

Fourth, A jar is charged bj a point as in the last case; the till lining is then 
introdnced, and the jar afibrds the usual discharge. 

The Electbic Battebt. 

218. Electric Battery exhibited, its construction explained, and 
experiment tiierewitiu 

219. Methods of measuring the strength of electric tension. 
First By the Quadrant Electrometer, 

Second.^ By Coulamb^s Torsion Electrometer. 
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220. Construction of these instruments described, and experi- 
ments illustrative of their use. 



Additional lUustratians and Demonstrations, ehiefy connected 
with the luminous phenomena of Electricity.^JEkening lecture.^ 

First Lnminoiu efiects produced, by nibbing a qrlinder of sbell-lae with 
flannel; flafihes of light are developed while the friction proceeds, and sparks are 
sabseqnently drawn from the cylinder. 

Second, Sparks drawn from the dectrophoms. Pennanency of charge in this 
arrangement shown. 

l%ir<L BriUUuuT^ of the flash frtxm discharge, in the dark, of the Leyden jar. 

Fourth. Current of electricity frtxm the prime-conductor to the L^den jar 
shown. 

1st The jar being insulated. 

2iuL The jar bemg connected with the earth. 

Fifth, Charge by cascade ; showing that every spark, from the prime conductor 
to the knob of the flrst jar, is attended by one from the outer coating of that jar to 
the knob of the second jar, and so on. The reason of this occurrence explained. 

Sixth, Brilliancy of the passage of a current of electricity through a tube 
studded with drcolar patches of tinfoil, arranged spirally, from end to end of the 
tube, and at small distances from each other, shown. 

Seventh, The "Electric Word." 



221. Description of the Aurora Borealis. High probability of 
its nature being electric. 

Eighth, A discharge of electricity is passed through a vacuous tube ; showing 
at once a mimic Aurora, the coerdve power of the atmosphere upon electricity, 
and the inherent repulsive power of the constituents of the fluid itself.* 



* For researches on electric discharges in vacuum, see M. Qnet, Comptes Bendues 
for December, 1852. 
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222. The conducting power of water, and hence of an atmo- 
sphere saturated, evidenced in the lightning flash. The union of 
the opposite electricities of the earth and air then e£Pected, 
probably destroyed again by the friction of dry atmospheric 
currents on the earth's surface. 

Ninth. A mimic lightening flash produced, by conducting a charge of electricity 
through a line of water, drawn on glasa. 

Tenth, The chime of bent. The transfer of oppoeite electricities, fiom the 
outer to the centre bell and reciprocally, proved by the attendant flashes of 
electricity given out on contact of the hammers with either, alternately. 

Ekventh The luminous phenomena attending the discharge of electricity of 
both kinds, by pointed and by rounded conductors, shown. 

Twelfth A student is placed upon an insulating stool and electrified ; sparks 
are then drawn from different parts of his body, and ssther inflamed by the 
of his finger. 

Thirteefith, Onnpowder ignited by the electric spark. 
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CHAPTER XIL 



GALVANISM, OR VOLTAIC ELECTRICITY. 



223. Stiltzer's discovery in 1767, that a slip of one metal 
nnder the tongue, brought in contact willi tliat of a slip of another 
over it, produces a saline taste. Influence of electricity in pro- 
ducing convulsions in the limbs of frogs, established by Gralvani, 
professor of anatomy at Bologna. Circumstances connected with 
the discovery. Theory of GralvanL The branch of science, 
which has sprung from these discoveries, commonly called 
Galvanism, in honor of Galvani. Professor Volta of Pavia 
pursues the experiments and explains the phenomena, tracing 
Ihem to electricity. He proves that the animal nerve or muscle 
is not essential to the result He shows that two different metals 
in contact, take on electric states which are the opposite of 
each other, the one being positive, the other negative. He re- 
produces Galvani's phenomena, by means of two such metals. 

EXFEBIHENT. 

A dead frog has a wire passed nnder the cmral nerve ; the 1^ of the frog are 
hiid npon one end of a slip of zinc, which the wire touches, its head upon one end 
of a slip of copper, not in contact with the zinc ; the limbs of the frog become 
convulsed when the free ends of the metallic slips are connected by a wire. 

Voltaic Circlb. 

224. Voltaic Circle, how constituted. A voltaic circle com- 
posed of a plate of zinc and one of copper having each one end 
immersed in dilute acid, (the ends immersed being apart from 
each other,) the other ends rising above it Sulphuric acid. 
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dilated with about 16 times its bulk of water, answers very well 
as a liquid element No action takes place so long as the free 
ends are apart; when brought together gas is discharged at the 
copper. Direction of the current Terms positive and negative 
electrodes, now applied to Hie zinc and copper elements respec- 
tively, and electrolyte to the fluid element High and low tension, 
in what consist 

The Voltaic Pile. 

225. Volta contrived the pile which bears his name. In this 
several simple elements are combined together, whereby marked 
effects are produced. 

Experiments. 

First The Voltaic pile has moist conductors, formed of pieces of cloth dipped 
in muriate of anmionia, placed between the pairs. Voltaic commotion produced in 
the human system, when the poles are grasped one in each hand, shown. 

Second. The effect on a frog, prepared as in the first galvanic experiment, 
shown. 

ThircL A Lejden jar charged from the positive pole of the pile. 

226. Table, containing a few substances, arranged according to 
their galvanic relations, — each being positive to all which follow 
it* 

1. Amalgam of Zinc 4. Lead 7. Gold 

2. Zinc 5. Copper 8. Charcoal 

3. Iron 6. Silver 9. Platinum. 

227. Biot's experiment, showing the mutual attraction of the 
terminal wires of the pile. Correspondence between these effects 
and those produced by the Electric Battery, pointed out The 
tension of the Voltaic electricity dependent on the number of 



* Appendix, note S. 
m 



82 

pairs^ its quantity on llieir nze.* In a pile divided into four by 
vertical sections^ each of the parts wonld have the same tension at 
its extremities as before^ since the quantity on the sur&ce would 
have the same proportion to the sur&ce as before. If the four 
parts were put above each other^ there would now be a much 
greater quantity at the poles^ and a less surface. Haice^ and in 
conformity with Laplace's law^ the quantity is as the surface^ the 
intensity as the number of the pairs. 

Yolta's Coubonne Des Tasse& 

228. This arrangement exhibited and described. The con- 
taining vessels^ small tumblers; the metallic elements^ copper and 
zinc; the fluid element^ dflute sulphuric acid. The terminal 
wires being brought into contact, hydrogen gas is evolved from 
the copper electrodes in the tumblers. 

229. Improvement in the original construction of the pile by 
Cruikshanks. He cements the pairs of plates^ and fits them 
into a wooden trough. Subsequent improvements. Forms now 
mostly used: 

Smee^8 Battery, DanieWa Battery , Grovels NUric Add Battery^ 
BunserCa Battery, the Maynooih Battery. 

230. These forms exhibited, and their construction and special 
fitnesses explained. 

231. The following liquid elements will be found to answer 
well generally for the batteries. 

Smee's Battery. 

Sulphuric acid I oz. 
Water 10 oz. 



♦ Appendix, Note T. 
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Daniell's Battert. 

Zinc cell: as in Smee's battery. 

Copper cell: saturated solution of sulphate of copper. 

Gboye's, Bunsen's^ asd Matnooth's Battebies. 

Zinc ceU: Muriatic acid 1 oz. 
Water 2| oz. 

Platinum, Charcoal, and Iron cells: equal parts of 
sulphuric and nitric acids. 

N.B. All the above parts are by measure. 

The Yoltametbb. 

232. The Voltameter is an arrangement for determining the 
decomposing power of a battery. Description of the Voltameter, 
and mode of application of the same. 

EXFEBIMENT. 

Decomposition of water by the Voltaic batterjr ; the water being acidulated by 
addition of about an eighth part of its volume of sulphuric acid. 

The Galyanometeb. 

233. Its construction and use. Remarkable power possessed 
by galvanic electricity, upon which it depends. Deflection of the 
Needle under the influence of the voltaic circuit, shown.* 

Luminous Poweb of Voltaic ELEOTBiorrY. 

234. Brilliancy of the discharge between charcoal points; this 
light the greatest which art can produce. According to Professor 
Wartmann's experiments, the light produced by a Bunsen's 

♦ See PkiL Mag. for April 1854, p. 298. 
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battery of fifty pairs, is distinctly visible at the distance of ten 
miles. 

EXFEBIMENTS. 

First Electric spark, on making or breaking contact between the conducting 
wires of the voltaic circuit, shown. 

Second, By the electric spiral 

Third. Discharge between charcoal points. 

Heating Power op Voltaic Electhicity. 

235. The passage of voltaic electricity through bodies raises 
their temperature. Water may be made to boil by this means. 
Metals offer different resistances to the passage of voltaic elec- 
tricity through them. In a compound wire, those parts offering 
greater resistance are heated^ whilst the others remain cold. 

EXPEIOMENTS. 

First A wire made up of segments of platinnm and silver, alternately, has 
the platinum portion raised to a red heat, while the latter remains cold. 

Second. A fine platinum wire, forming part of the voltaic circuit, is carried 
through a small portion of water, — ^the water is speedily heated. 



236. Intensity of voltaic heat greater than is producible by any 
other known means. The heat given out, according to Joule, by 
the oxidation of a gramme of copper 5948 C. of zinc 1185° C. of 
hydrogen 33,553° C* Fusion of the most refractory metals 
readily effected thereby. Application of the heating power of 
electricity for blasting in mines, blowing tip sunken wrecks, for 
the clearance of rivers, roadways, &c. The Calorimotor. 

ExPEBOfEKTS. 
First The heating of wires of different metals to redness or fusion. 

■ ■■■■■ ■ - — ■ ■ ■ — ■ ■ ■ ■■ ^ ■ ■ . ■ - ■■ I — ■ - ■■ ■ ■ ^ — - ■■ - _ ^ ■ — ■ - ■ I ■ ■ I ■ ■ ■ ^ I 

♦ See PhU, Mag. for 1852, p. 481. 



86 

Second The burning of a fine iron wire, connected with one pole of the battery 
at the sor&ce of mercury connected with the other pole. 

Third Deflagration of metallic leaves by introdacing them into the voltaic 
circuit 

Fourth, A small charge of gunpowder has a fine platinum wire passed through 
it ;- the wire is now introduced into the voltaic circuit, — the gunpowder explodes. 

Syth. Explosion of gunpowder under water. 

237. Zantedeschi finds that eqaal currents^ each of them singly 
capable of raising a wire to white heat, do not do so if passing 
through it in opposite directions at the same time; henc^, he 
argaes, the similarity in being of electricity and light 

MAGNETISM. 

238. As it exists in natural magnets. Demonstrations. Natural 
magnets have poles. Methods by which magnetic power may be 
communicated to steel bars. Leading phenomena of magnetic 
attraction and polarity explained and demonstrated by experiment 
Induction. Permanent and temporary magnets. 

Magnetism of the Earth. 

239. .The Earth, a great natural magnet, the poles of which 
lie nearly north and soutL Magnetic meridian. Declination, dip, 
variation.* Perturbations arising from the action of the aurora 
borealis; doubtless from that of the aurora australis also. Declina^ 
tion and dip needles. Intensity, how determined. Law of inten- 
sity — directly as the quantity ^ inversely as the square of the 
distance. 

ExFEBBfENT. 

A rod of soft wire, four feet long, \a arranged parallel to the dipping needle. It 

is tested and found to be and to continue while in that position, strongly polar. 

> i ■ ■ . 

* For a table and instances of variation, see Golding Bird and Brook's 
Natural Philosophy, fourth edition, p. 270, 
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240. Imagined atmcture of a bar magnet. 




N the austral^ S the boreal poles of llie magnet, ue. the poles 
which, when the magnet is free, point north and south respectively. 

E, Q, the equator of the magnet. 

241. Mariner's Compass. Brief outline of its history. Its 
importance to commerce, and to the spread of civilization. Forms 
ordinarily used. 

MAaNEHC PowEB OF Voltaic Electricity. 

242. The nature of the magnetic power of the electric current 
first ascertained by Oersted, a Danish philosopher. He proves 
that it is to be sought for in the closed circuit, not like other 
electric powers, at the pole of the interrupted circuit Production 
of rotation in a magnet, under and over which a voltaic current 
is made to pass, re-adverted to. 

EXFEBIMENT. 

A magnetic needle is so sapported on a pivot as to lie in the middle of a wire 
rectangle. When the rectangle is introduced into the Voltaic circuit, the needle is 
deflected firom left to right, or from right to left, according as the current is made 
to pass aboYe or below it. 

243. The magnetic power of electricity acts tangentially. 
Proof of this furnished by Oersted's experiment, whereby it is 
shown to act in the plane of motion of the needle, at the circum- 
ference of a circle described about the wire, and at right angles 
to the wire.* The magnetic power of electricity not arrested by 
glass. Great magnetic power obtainable by Voltaic electricity. 

* Appendix, Note U. 
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Experiments. 

First, A steel needle is placed within a glass tobe, aronnd which a helix of 
copper wire is wound ; a voltaic current is passed through the wire; the needle 
starts to the axis of the tnbe and remains suspended there. The needle has 
beeome permanently magnetic. ^ 

Second. A Toltaic current is made to circulate round a horse shoe of soft iron; 
the iron is found to have become a powerful magnet. When the current ceaaes, 
the magnetic property ceases also. 

Third, A voltaic pair is so arranged as to float in water, the connecting wires 
forming a loop above it A permanent magnetic bar is presented to the loop, which 
advances to the centre of the bar and remains there. The magnet is now 'with- 
drawn, and the opposite pole introduced within the loop. The loop now retreats, 
passes off the magnet, turns round, and again advances as in the first case. 

JRourth, The conducting wire of the last experiment, formed into a cylindrical 
spiral It takes up a stable position in the magnetic meridian. 

Fifth, Botation of the pole of a magnet round a conducting wire, and reciprocally. 



Voltaic Induction. 

244. Power of induced voltaic currents. Professor Faraday 
discovers the means of developing such currents, and constructs 
apparatus for showing their nature and intensity. Mode by 
which such induction is effected^ Powerful shocks producible by 
this. means. Arrangement for this purpose shown, and its con- 
struction described. Experiments performed in iUustration. 

Identities of Magnetism and ELECTBicrrr. 

245. Statement of the question. Effects producible by the aid 
of suitable arrangements, from the magnet itself, corresponding 
with those from the voltaic circuit ; such as magnetic induction, 
the contraction of the muscles, tlie spark, decomposition of water 
&c 

EXPEBIMBNTS. 
First. Iron filings are attracted by natural and by artificial permanent magnets. 
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Second. The same eflTect prodnced by a hone shoe of soft iron, round which a 
CDirent of Galvanic electricity is passing. 

Third, The force of the permanent magnet is shown not to be arrested hy glass. 

Fourth, The same is shown by the temporary magnet. 

Fiflh, Induction produced by the permanent magnet. 

Sixih, The same prodnced by the electro magnet. 

Seventh, The attraction and repulsion of unlike and like poles of a magnetic 
bar, by the permanent magnet, shown. 

Eighth. The same with the electro magnet. 

Ninth, The lines of magnetic force shown by means of the permanent magnet. 

Tenth, The same with the temporary magnet. 

Eleventh. The spark prodnced by the magneto-electric machine. 

Twelfth, The shock produced by the same apparatus. 

Thirteenth, Contraction in the muscles of a frog produced by the permanent 
magnet. 

Fourteenth, Temporary and permanent magnets, made by means of electric cur- 
rents, and of permanent magnets. 



246. Discussion of the above experiments. 

247. Situation of the north and south poles of the magnet in 
experiment first 




C the conductor from the copper electrode. 
Z „ w to the zinc „ 

N, S the north and south poles, respectively, of the magnet 
within the coil. 
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Eleotbicitt in Animals. 

248. The Torpedo; the Gymnotus Electricas. Strength of 
shock which the latter can command. Mode of catching the 
Gymnotus practised by the American Indians, as described by 
Humboldt, quoted. 

DlAHAGNEnCS. 

249. Important discovery of Professor Faraday that most, if 
not all substances, mineral, animal and vegetable, are subject to 
magnetic influence, though the effects produced be of different 
kinds, ranging themselves under the two great heads. Magnetics 
and Diamagnetics; the latter term signifying, that the effects 
which the magnetic force produces, in the class which it designates, 
are the opposite of those produced in substances comprehended 
under the former term. Thus, if the line joining the magnetic 
poles of a horse shoe magnet be called the line of magnetic force; 
and, if a bar of iron be suspended horizontally at the middle of 
this line, but making an angle with it, by a fibre of silk, the bar 
will turn round tiU it coincides with that line. If, instead of the 
iron bar, one of bismuth, or glass, of vegetable, or of animal 
substance, similarly suspended, be brought near the line of 
magnetic force, its ends will be repelled from that line, and 
the bar will finally take up its position at right angles to it. 
Dr. Faraday gave the terms axial and equatorial to these two 
positions respectively. " Were a human being freely suspended 
between the poles of a powerful magnet, his head being towards 
one pole, his heels towards the other, he would rotate and take 
up the equatorial position." 

Experiments with bars of iron, glass, vegetable and animal substances, in 
illastration and proof of the effects of the magnetic and diamagnetic forces. 



n 



90 



CHAPTER XIII. 



APPLICATIONS OF VOLTAIC ELECTRICITY. 



250. Singular rapidity of the growth of Electrical Science. 
The variety, interest, and importance of its economic uses, entitle 
them to separate consideration. 

As A MonvB POWEK. 

251. Sanguine hopes formerly entertained on this subject. 
Professor Jacobi of St Petersburgh constructs a boat capable 
of accomodating five persons, and propels her by the magnetic 
power of Voltaic Electricity. Grounds of abatement of the 
expectation that electricity would be found generally available 
as a motive power. Progress made in this application of it 

EXFEBIMENTS. 

An Electro-dTnaiiiic machine exhibited, its constraction described, and its action 
shown by experiment An electro magnetic coil machine, for medical purposes, 
shown and described, and the increased intensity of roltaic action, due to indaction, 
demonstrated by experiment 

As A Gilding Agent. 

252. Voltaic Electricity employed for superimposing a coating 
of costly metals over vessels of inferior metals, medallions, statues, 
&c Extreme delicacy of the results adverted to. Delicate 
flowers may be thus covered with a metallic crust, the form 
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of the flower remaining unaltered. This application of Electricity 
has grown up within a few years to considerable economic import- 
ance^ as a distinct branch of maniifacture.* Name electro- 
metallurgy given to this art Principles involved in the operation 
explained, and the mode thereof shown. Necessity of perma- 
nency in batteries used for this purpose. Necessity of sustained 
saturation in the solution of the metallic salt employed, in any 
given case, for such purposes. Means by which this is effected, 
explained. The battery should be so arranged that the electric 
current flow in a direction at right angles to the magnetic meridian, 
and from east to west, since then the inductive power of the 
earth co-operates with the battery ; but if otherwise, against it 

As A MoTjLDiNa oB PsiNTiNa Agent. 

253. (ralvanic electricity employed in the fabrication of plates 
from engravings. Method of its application in such processes. 
Efficiency of electricity for such purposes. Name electrotype 
given to the products. The price of prints from electrotype 
plates, to that of those from engraved ones, about 1 to 10. 
Importance of this fact as placing: copies of works of insh art within 

their tastes. Application of the same agent for the production of 
metallic medallions, &c., from gypsum and other casts. 

EXFEBIMENT. 

A solation of sulphate of copper in water is connected with the copper pole of 
a battery, and a slip of silver or platinum terminating the wire of the zinc pole is 
plunged. into the same liquid; the silver submerged is speedily covered with 
copper. 

* The making and coating of types and stamps by electric agency is extensively 
practised at the Semundra Orphan press, near Agra, with profit and success. Speci- 
mens of these enriched the display on my lecture days, and gave practical interest 
to my demonstrations. 
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As A VEBMIFUaE. 

254. Voltaic agency occasionallj employed for preventing 
the ravages of minute reptiles^ and such unwinged insects as the 
white ant, so destructive in this country. A small plate of 
copper is placed on a large one of zinc, so that there may be a 
free margin of the latter; when an insect or reptile attempts to 
climb up from one to the other, it receives an electric shock 
which projects it back. Without care in keeping the plates clean, 
the protective power of the arrangement fails, as a coating of 
oxide dulls its action. The common earthworm particularly 
sensible to electric influence. 

EXFEBIMEirr. 

A diBc of copper of four inches diameter has one of zinc three inches in 
diameter superimposed, leaving a free margin of one inch; small reptiles are 
placed upon the copper, and when in their movements they touch the zinc, they 
are repelled by the shock which they receive. 

As A Mining Agent. 

255. This application of electricity already adverted to, in 
treating of the heating effects of electricity. Advantages which 
it confers on the miner, by affording him a safe and unfailing 
means for the discharge of explosive compounds. Mode in which 
it is used for such purposes, described. Employed also for 
exploding gunpowder under water. Advantages of this adap- 
tation to navigation and commerce; method by which obstructions 
in roadsteads and harbours are removed, described. Removal 
of the wreck of the Royal George from Portsmouth harbour, by 
Colonel Pasley. 

EXFEBIMENT. 

A bottle is charged with gunpowder, and through the charge a fine platinum 
wire, uniting the two poles of a battery, is made to pass. The bottle is now sub- 
mersed under water. Connection is then made with the battery, — the gunpowder 
explodes. 
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As A Telbgraphic AaENT. 

256. Astonishing results already attained in this application of 
Electridtj. Extent to which the Electric Telegraph has been 
carried in America. The same speech may, while yet deUvering 
at New York^ be printing at Boston; a circumstance a£Srmed as 
having occurred. This application of electricity^ like the mining 
one^ suitable for land or water. Human thought or feeling, 
primarily communicated by certain sounds, aided, in the case of 
the dumb supplanted, by certain understood motions. In order 
to convey throught to a distance, in space or time, conventional 
forms employed. Communication by the Electric Telegraphs at 
present in us^ effected in two ways, by motion and by form. 

FvrsU The Needle Telegraph. — If a current of electricity be 
made to pass over and under a magnetic needle, it causes its 
deflection from left to right; if it be, on the contrary, made to 
pass under and over the needle, it causes its deflection from right 
to left. Oerstead's experiment repeated. We have here at once 
two letters or two words of electric language — the first motion may 
be taken to signify A, or yes, the second B, or no, for instance: 
so two movements to the right may be made to stand for C, or 
any word or words arbitrarily adopted: two to the left D, and 
so on. A model of this Telegraph described, and demonstrated 
with. Its capabilities, disadvantages, and defects considered. 
This telegraph used in India. 

Second. The Disk Telegraph. — ^The action of this telegraph 
depends on the attractive power of electricity. A lever is 
alternately attracted and released by a temporary magnet, and 
by acting on an escapement, causes the revolution of a disk, 
.upon which the letters of the Alphabet, numerals, &c, are 
painted ; this, though situated at one end of the line of commu- 
nication, is under perfect control at the other, so that it may be 
made to exhibit any letter, and consequently to communicate any 
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word at will; the length of the line of communication beings within 
certain limits^ of no moment, either with regard to this or the needle 
telegrapL Description of a model of this telegraph, and demon- 
strations therewith. 

Third. The Printing Telegraph. — In this invention the commu- 
nications are printed by galvanic agency; it is of great promise 
and appears to excel, in point, of rapidity and accuracy, all other 
forms.* Arrangement described. 

EXPEBIMENT. 

A flmall copper cylinder, coated oyer with paper which hae been dipped in a 
mixture of starch and iodide of potassium, is connected with the zinc pole of a 
battery. It is found that by means of the terminal wire of the other pole, brilliant 
blue characters may be traced at will. 



* This kind of tdegraph is that chiefly used in America, and is about being 
introduced into India. 
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CHAPTER XIV. 



OPTICS. 



257. Definition. Hypothetical views on the nature of light 
The emission theory. The wave^ or undulation theory. The 
former due to Newton^ the latter to Descartes. Strong con- 
firmation of the latter being the true one, in the admirable identity 
between the results of experiment and of mathematical investiga- 
tion. Necessity for the existence of an ethereal medium, pervading , 
the universe, to this theory. Such a fluid, however rare, would 
in time diminish the orbits of planetary bodies, by opposing 
the tangential force. Encke's comet. It revolves round the sun 
in 3*3 years. A diminution of 1*8 days, during 52 years, has 
occurred in its period of revolution. Argument supplied by this 
fact in support of the theory. Analogy between the nature of 
light, according to this theory, and that of sound. 

The VBLOcrrr of Light. 

258. Astonishing celerity of this agent of communication 
between sentient beings. High importance of the swift pro- 
pagation of light to most, if not to all creatures, for their 
sustenance and preservation. The privilege conferred thereby 
on man, whose thirst after knowledge, and aspirations after ad- 
vancement in his destiny, make the heavens an especial object of 
his interest and admiration. Intelligence of celestial phenomena, 
thence obtained by him, of sufficient accuracy for his physical and 
moral wants. The velocity of light, as already stated, about 
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1 92,000 miles a second; that is, it travels about 691 millions of 
miles in an hour — a velocity nearly a million of times greater 
than that of sound *^ 

259. By the emission theory^ a ray of light consists of a line of 
particles projected from the luminous body to the eye. By the 
undulation theory y a ray of light consists of a series of undula- 
tions^ excited by the luminous body and propagated onwards till 
they reach the eye. The former implies ultimate exhaustion and 
universal night, — ^the latter admits of permanent action. Hence 
the wave theory more consonant with our experience of the mani- 
festations of Divine power. The progress of experimental research 
towards the establishment of the latter theory is a magnificent 
monument of human ingenuity and genius. 

Rectilineal Pkopagation of Light. 

260. A sphere interposed between a window and a screen or 
wall, casts a circular shadow on the wall. A cube with oppo- 
site sides, parallel to the window and wall, throws a square 
shadow. A man standing between them has his profile displayed 
on the wall. The shadows in these cases represent sections of 
the objects causing them. The ascertainment of the height of the 
sun from the length of shadow of a known object; and, recip- 
rocally, of the height of an object from the lengtli of its shadow 
and the known height of the sun, were determinations familiar 
to ancient geometers. This fact shows that, in their times also, 
the rays of light were believed to be transmitted in straight lines. 
A group of rays, proceeding together in the same direction, 
called a pencil of rays. The following demonstration shows how 
the heights of objects are determinable from the horizontal lengths 
of their shadows. 

♦ Appendix, Note "V. 
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Let ABC be a pyra- ^^ 
mid^ S the sun, of which 
a is the angular height; 
at U the extremity of the 

1. J BTJ + CU . 

shadow n gives 

DU: hence D the foot of 
the aads is known; there- 
fore AD=DTJ tan a gives AD the height; conversely, AD being 
given a is found, which goes directly to the problem of the ob- 
liquity of the ecliptic. 

EXF£BIM£NT& 

First, A sphere is suspended in a darkened room, between a light and the 
opposite wall; the shadow cast by it is a circle. 

Second. A cone is suspended as in the first experiment; the shadow is a triangle. 



Deductions fbom the Expebiments. 

First If the light from a luminous sphere be intercepted by an 
opaque and non-luminous one, of equal magnitude with itself the 
shadow will be a cylinder. 

Second. If the light from a luminous sphere be intercepted by an 
opaque and non-luminous one greater than itself the shadow will 
be the trunc of a cone, the apex of which lies on that side of the 
luminous body remote from the other body. 

Third. If the light from a luminous sphere be intercepted by an 
opaque and non-luminous one less than itself the shadow will be a 
cone, whose apex lies on that side of the opaque body remote from 
the luminous one. 

Note. The length of the shadow, in the last case, increases with 
the distance of the opaque sphere from iJie luminous one. 
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263. Geometrical illustrations of the deductions. The differ- 
ence between the lengths of meridian and ante and post-meridian 
shadows^ and the variation in the duration and magnitude of 
eclipses^ due to these fiicts. 

Intensity of Light. 

262. Light decreases^ in intensity^ in proportion to the inverse 
square of the distance from the luminous body. If a board of 
one foot square be suspended half way between a small opening 
in a window and a wall^ it will cast upon the latter a square sha- 
dow^ the area of which will be four square feet. Geometrical 
verification of the same law« 

263. A luminous point being viewed as a centre^ equal dis- 
tances around it will be equally lighted^ be they near or remote. 
If we go round a light, above it or below it, we find it always 
equally bright, provided only that our eye be at the same 
distance from it, and that the luminous object be equally bright 
on all sides. Such distances may be represented by the surfaces 
of concentric spheres; and these are, to each other, as the squares 
of their radii. Hence the intensity of light, distributed over 
similar portions of those spheres, will be inversely as the squares 
of the distances. Experimental results prove the same. Appara- 
tus for measuring the relative intensity of light called Photo- 
meters. 

Ritchie's and Wheatstone's Photometers described and experimented with. 

Reflection of Light. 

264. Light traverses space in straight lines. If a pencil of light 
impinge upon any body, a portion is reflected from the surface, 
and describes a path making an equal angle, and in the same 
plane, with the perpendicular to the surface at the incident 
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point, which the, path of the impinging ray did; according to 

the law — 

The angle of incidence is ^gwd to the angle of reflection. 

Penetbaxxon of Light. 

265. The portion of a pencil of light, which is not reflected from 
the sur&ce of a body, enters into its mass; throogh which it either 
partly passes, or becomes entirely absorbed. All bodies absorb 
more or less light At a depth in the clearest sea of 150 feet, 
the light of the son would, it is estimated, be no greater than 
that of the moon. Bodies are respectively termed transpcMrenty 
transhtcenty or opaque^ according as — 

First Oljecta can be cUatincily seen through them. 

Second, Light, but not distinct objects may be seen through ihenu 

Third, Neither objects nor Ught can be seen through them, 

266. Bodies of different reflecting powers may be so arranged^ 
that two or more images of the same lominous body may be 
obtained* This principle availed of in the construction of an 
ingenious instrument called the Depleidescope, invented by 
Mr. Dent of London, for determining the meridian passage of 
the sun. Description of the instrument. 

PEiniMBILS. 

267. Shadows of objects cast upon planes, or the shadow of 
the earth cast upon the moon in lunar eclipses, have not finely 
defined edges — ^the pure shadow blends off on either side into the 
unsubdued light. The portion between the light and shadow 
called the Penumbrse. Explanation of the cause of this pheno- 
menon. 
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REFfiACTtOR OF LlOHT. 

268. A ray of light passing from one medium into another , as 
from air into water, is deflected' from its course at the surface 
of the second medium. TJhis deflection is termed the refraction of 
the ray, and its amount is difierent for different substances. If 
the ray pass from a rarer to a denser medium, it is made to 
approach the perpendicular to the suriace at the incident point; if 
it pass from a denser to a rare medium, the opposite efiSect is pro* 
duced* The plane of refraction is that of the incident ray and 
perpendicular, being analogous to the plane of reflection. 

Let AB represent a portion o*., 

of the surface of a fluid, CD a 
ray of light impinging on it at 

D, and having the direction a ] 

CDE. Draw FDG perpendicular 
to the surface at D. The ray 
will leave its path at D and de« 
scribe the new one DH, which 
will He nearer to DG or to DE, according as the refracting fluid 
is more or less dense. If CD coincide with DF there will be 
obviously no refraction. If the ray proceeded primarily in the 
direction HD it would be refracted into DC, or from the perpen- 
dicular. The ratio of the sines of the angles of incidence and 
refraction, in any body from the standard medium, gives the 
refracting power of that body, and is termed its co-efficient of 
refraction. Critical angle.* 

EXFEBIMENTS. 

First, A coin 10 placed on the bottom of an empty basin, about whidi a ring of 
students is formed, who can see but a part of one edge of the coin ; water is now 
conveyed into the vessel, by means of a syphon tube ; the coin gradually rises into 
full view of all* 

Second. The same experiment, but with water saturated with common salt. 



« ■ < 



* Appendix, Note W. 
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Cob. If the fluid, by which the ray CD is deflected, increase in 
density from D downwards, the line DH will be a curve. 

Refraction thbough Lenses. 

269. The direction which rays take, on refraction by lenses, 
deducible from the experiment Description of the different 
forms of lenses, and of their respective properties, illustrated oy 
means of lenses and models. 

Laws. 

First The direction of raysy refracted by a prism, is from the 
angle of the prism. 

Second. The direction of rays, refracted by a convea lens, is 
towards the axis of the lens. 

Third. The direction of rays, refracted by a concave lens, is from 
the aosis of the Uns. 

Atmosphebio Refbaotion. 

270. Light passing from the space beyond, into our atmo- 
phere, necessarily refracted. The density of the atmosphere 
decreases upwards, from the earth's surface, according to a law 
already explained; consequently a ray of light from a heavenly 
body, as the sun, is deflected continuously during its course 
through our atmosphere. Such bodies appear to occupy a posi- 
tion in the celestial vault higher than the true one. The greater 
the distance through which the ray travels, and the denser the 
atmosphere at the time, the greater will be the displacement. 
Heavenly bodies near the horizon suiFer greater displacement than 
those more remote from it. Apparent compression of the lower 
limb of the setting sun. Sir J. Ross found the difference between 
the sun's vertical and horizontal diameters at setting to be 5^ 21^^ 
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the former being 27^ 10^^ the latter 32^ 31/^ The observation 
was taken at 65^ 22^ S. and the time llh. 56m. Eclipses of the 
moon at sunset Corrections necessary to be made for refraction^ 
in determining the tme place of a heavenly bodjr^ explained. 

27 L The refracting power of bodies has obvions dependence 
upon their density. Gombostible substances^ however^ of a given 
specific gravity are more highly refracting than those of corres- 
ponding gravity which are not combustible. Newton's inference 
from this fact as to the nature of the diamond. Classification 
of substances according to their refracting power. 

Table containing a few of the more remarkable substances^ arranged 

according to their refracting powers. 

Diamond 2-755 Alcohol 1-372 

Flint glass 1*600 Human eye^ cryst, lens • . 1*384 

Alum 1*457 Tabashere 1*114 

Sulphuric acid 1*434 

272. According to Newton's theory, light should be accelerated 
by refraction through a dense medium. Arago suggests that 
this condition be subjected to the test of experiment. Foucault 
follows up the suggestion, and demonstrates that it is, on the 
contrary, retarded.* 

COLOUB. 

273. Endless variety of colour in nature. Colour being seen 
only in the light, suggests that it is inherent therein* This sug- 
gestion confirmed by ex][)eriment A ray of light made to pass 



*For a detail of these admirable experiments, as also those of M. Fizeau on 
the direct problem of the velocity of light, see FoniUet's Phjsiqne, 6th edition. 
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through the opposite sides of a cube of glass, or a prism with 
parallel sides, falls unaltered on a screen beyond If the same 
ray be made to pass through a triangtdar prism, one of the faces 
of which is held perpendicular to the ray, it will fall on the 
screen unchanged in dimension in the direction of the longer 
axis of the prism^ but greatly elongated in that of the shorter 
one, having assumed an oval form. It is no longer white, but 
made up of singularly brilliant groups of coloured rays, the 
co-efficient of refraction differing for each group. 

EXFEBIMBNTS. 
First, A ray of light is made to pass . through a prism with parallel sides, and 

I 

is received npon a screen behind ; the ray is found to be unchanged. 

Second, A ray of light is made to pass through a triangular prism held horison- 
tally, and is received upon a screen, as in the last case; it is found to be elongated 
in a direction across the prism, and to be vividly coloured. 

274. The colours are seen to be seven; which, in the ascending 
order of their refrangibility, are red, orange, yellow, green, blue, 
indigo, and violet ; also a ray only visible under certain condi- 
tions, lying without the violet* These may be termed primary and 
binary. The primary colours are red, yellow, and blue; the binary, 
orange, green, indigo, and violet The primary cannot be formed 
by union of any, or of all the others ; the binary may be formed 
from the primary. The colour, compounded of any two of the 
primary colours, is the complement of the third colour; thus 
green is complementary to red, orange to blue, and violet to 
yellow. Fraucnhoffer's Lines.t 

275. Newton found the relative distances of the rays of the 
spectrum, from a point situated at a distance from the red ray 



* See Professor Stokes on the invisible ray, PhU, Maga, for 1852, voL 4, p. 388. 
t See PhU. Maga. for May 1855, p. 327. 
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equal to the breadth of the spectnun, {i.e. the distance between 
the extreme red and extreme violet ray^) to be 

Ij ^9 ^9 "l* %9 JJ lff> «> 

The unit being the distance from the point above-mentioned 
and the extreme violet 

In these numbers^ remarkable analogy between sound and light 
is perceptible.* 

EZPEBIMENTS. 

A refracted ray is separated between the yellow and blue elements; — ^these being 
allowed subsequently to unite, the product of the union is green* 



Refrangibility of the rays of the Spectrum. 



Hed - 

Orange 

YeUow 

Green 

Blue- 

Indigo 

Violet 



Watbb. 



Index of Befraction. 



FLmT Glass. 



Index of Befraction. 



1-3310 


1-6277 


1-3317 


1-6297 


1-3336 


1-6350 


1-3358 


1*6420 


1-3378 


1-6483 


1-3413 


1-6603 


1*3442 


1-6711 



Recomposition of White Light. 

276. As a ray of white light may be resolved into its coloured 
elements, so, conversely, the latter may be recomposed into the 
former. No doubt, if natural accuracy could be obtained by 
man, the colour white might be produced by the mixture of 
red, yellow, and blue. The nearest approach to this result far 
from accurate. Newton paints colours corresponding with those 
of the spectrum on the margin of a wheel ; the wheel being made 
to revolve rapidly, its coloured margin appears greyish white. 



♦ See Comptes Eendues, No. 3, January 1855. 
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EXPEIOMENTS. 

Pirst A raj of light is refracted by a prism ; a corresponding prism is applied 
so that the two form together a quadrilateral prism with parallel sides; the ray 
passes throngh unchanged. 

Second. A ray of light is refiracted by a prism, the coloured rays are received 
upon a double conyex lens, the focus of which is on the surface of a white screen ; 
between the focus and lens the elementary rays are found to be distinct ; in the 
focus white light has been reproduced. 

Third, A wheel, around the margin of which the primitive colours are painted, 
is made to revolve rapidly ; its painted margin becomes a dull white. 

The Rainbow. 

277. The phenomenon of the rainbow due to the refraction of 
the sun's light by drops of rain. Similar phenomena produced 
by the spray of waterfalls. Rationale of the phenomenon. 

Diffraction and interfebenge oe Light. 

278. If a ray of sun light be admitted through a pin hole into 
a closed room^ and a small opaque body be introduced into its 
path, the ray suffers an inflection or bending from its path, called 
diffraction. It is found that the confines of the shadow are 
adorned with bands of different colours, repeated, but becoming 
fainter and fewer in number, as they recede from the shadow. 

Experiments. 

First, Look straight at the light of a candle with eyes nearly closed, and you 
will see interference bands running parallel to the flame, or in the direction of, and 
along lines perpendicular to, the eye lashes, by which they are caused. 

Second. Look at a light through a secondary feather of a bird's wing, as for 
instance that of a pigeon, and you will see interference bands lying parallel to 
the fibrils, by which they are produced. The large secondaries of the Peacock's 
wing develope splendid bars of this nature. Some feathers, such as the tail feather 
of the pheasant, give two sets of fringes crossing each other. 

p 



106 

Third, Examine through a pin hole in tinfoil the image of the sun in the interior 
of a watch glass, which has been blackened on the outside by a coating of black 
sealing wax dissolved in spirits, and it will appear to you surrounded by rings, 
which arise from the interference of the rays passing through the minute opening; 
the same with the image of the sun on polished metallic spherules, such as the 
bulb of a thermometer, or a globule of quicksilver. 

Fourth, A ray of light, admitted through a pin-hole in a window shutter, is 
received upon a white screen; a fine tube blackened in the interior is suspended in 
the ray; the shadow is found to be fringed with groups of coloured bands. 

Fifth, A sewing needle is suspended as in the last case ; the result is the same 
as in that experiment. 

« 

Sixth, A hair is stretched across the centre of the pupil of the eye ; on now 
looking at a light a line of beautiful and sharply defined fringes is seen to extend 
symmetricaUy on either side of, and at right angles to the hair. 

Note. The fringes are as follows: — 

First fringe, Violet, indigo, pale blue, green, yellow, red. 

Second fringe. Blue, yellow, red. 

Third fringe, PaJe blue, pale yellow, red. 

279, An elementary ray, diflfracted in the above manner, retains 
its colour in the fringes ; they are now divided by dark intervals. 
The shadows found to be also divided by bands. These bands 
due to the interference of rays of light with one another. Instead 
of using elementary rays, we may examine the coloured fringes 
through tinted glass. 

EXFEBIMENTS. 

Firat, An elementary ray is dif&acted as in the former experiments, and the 
fringes examined ; they are found to extend into the shadow. 

Second, The light on one side of the difiracting body is intercepted, the bands 
disappear from the shadow; showing that the fringes in the bands were due to the 
rays on one side interfering with those on the other. 
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280. If two pencils of lights radiating from neighbouring points, 
fall on the same spot, they are said to interfere with each other 
If the distances of the radiant points from the point of interference 
be the same, the pencils will there form a bright spot or fringe of 
light on a screen. Thej form a bright spot also if the distances 
be as 2, 3, 4, &c If the distance be as |, 1|, 2|, 3^, &&, thej 
produce a black spot Geometrical illustrations. 

281. Wertheim produces double refraction in isotropic bodies 
by pressure and traction, and shows the phenomena of inter- 
ference ; he proves that the tints in Newton's rings are due to the 
difference of path of the rays producing them.* 

EXFEBIMENT. 

Light is admitted through two pin-holes into a darkened room, the screen being 
so placed that the bases of the luminous cones interfere at their margins; illumina- 
tion and darkness are produced within the limits of interference. 

282. The phenomena of colour, by interference of rays, shown 
by superposition of thin plates of different transparent substances 
on each other, as for instance mica. In this case, the rays 
reflected from one surface interfere with those reflected from 
another. The brilliant colours of the shells of fishes due to 
their laminated structure. Newton's rings, an ingenious contri- 
vance for illustration of this subject. The arrangement exhibited, 
and the construction described. Colours of thick plates.t 

Double Refbaction and Polabization of Light. 

283. Substances of regularity of structure produce a physical 
change in a ray of light passing through them. In some the ray 

* See Phii. Maga. for October, 1854. 
^PhU. Maga, No. 2, of 1851. 
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does not pass ont as it entered^ but is divided into two parts. 
One of the parts continues to obey the ordinary law of refraction, 
lying in the plane of incidence, the other does not: they are 
called, respectively, the ordinary and extraordinary tsj. A 
crystal of calcareous (Iceland) spar exemplifies this property in 
a very striking manner. Positive and negative crystals.* Axes 
of crystals. Axial planes. Demonstrations by means of dissecting 
models. 

EXFEBIMENT. 

A crystal of calcareous spar is placed upon a fine line, drawn on paper, the line 
not coinciding with the axial plane of the crystal ; two lines are now seen. 



284. The ray of light divided by double refraction, as it is 
usually termed, is found to have tmdergone a physical change in 
passing through the crystaL Being made to fall upon another 
crystal, similarly situated, it is not subject to frirther division. If 
the axial planes be at right angles to each other, the ordinary and 
extraordinary rays change places. At intermediate situations 
there are four images. Rays thus physically changed are said to 
be polarized. Demonstrations of these facts by means of the 
polariscppe. 



285. The mineral Tourmaline* Its polarizing power. Its pe- 
culiar adaptation to the examination of rays polarized by other 
agency. Nicol's Prism. Illustrations by means of sectional models. 

EXPEBIMENTS. 

Firtt, A plate of tonrmaline is held between the eye and a candle ; the light 
appears distinctly through it, and if the plate be turned round in the same plane 
no change is obserrable. 



Appendix, Note X. 
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Second. A similar plate is interpoaed between the first plate and the eye, and ia 
turned round; the light now appears and disappears, alternately, at ererj qnarter 
revolution of the plate. 

Third A ray of light is divided by a cxystal of Iceland spar. Examined by 
tourmaline, the ordinaiy and extraordinary ray found to have their maximum 
intensities at opposite points. 

286. A ray of light reflected at a 'certain angle, varying for 
different substances, is found to have undergone a similar change. 
For polished glass the polarising angle is 56^ 45^ 

E2PEBIMENT& 

FirsU A ray of light is made to fall upon a polished glass surface, at an angle 
of 56® 45^: the reflected ray is examined by a plate of tourmaline, and is found 
to possess the same properties as a polarized ray. 

Second A ray of light is reflected as in the last case, the reflected ray is received 
on another similar sur&ce and at the same angle; the ray is reflected by, or passes 
through the glass, according as the second plane of reflection coincides with, dr is 
at right angles to, the first. 



287. Circular polarisation. Its nature and modes of production. 

288. Analogy between the phenomena of sound and of light, 
suggested by the last experiment, established by Professor 
Wheatstone. Description of his experiment Strong argument, 
in favour of the wave theory of light, supplied by this analogy. 

289. A ray of polarized light, after traversing a thin plate of 
mica is, when examined by a plate of tourmaline, found to be bril- 
liantly coloured. So also is such a ray after passing through a 
square prism of glass under pressure. In the position of the 
tourmaline in which the ray would, without the mica, disappear, 

*See Marbach's experiments, Comptee JRendueSf No. 15, of 1856. 
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the tints are of singular brilliancy. The plate^ turned round 
through a quadrant^ exhibits tints which are complementary to the 
others^ i,e, which^ with them^ produce white light Demonstra- 
tions confirmatory of this by means of the polariscope. Grotesque 
figures made from thin plates of selenite, iUuminated by polarised 
light, shown. 

Magnetism of Light. 

290. One of the most brilliant discoveries of modem times, is 
that of the magnetism of light, by Professor Faraday. He found 
that if a ray of polarised light be subjected to the action of a 
powerfril magnet, it is made to revolve from right to left, or from 
left to right, according to the direction of the electric current 
The rotation of this plane seems to be due to coercive force 
exerted by the magnet on the prism through which the light 
passes in the experiment 



Ill 



CHAPTER XV. 



OPTICAL INSTRUMENTS. 



The Planb Mibbob. 

291. The most familiar of these, the plane mirror. Rays from 
every point of a radiating body, as for instance of the human 
fece, fall on all points of a plane mirror. Only one image is seen. 
The physical law— « The angle of incidence is equal to the angle 
of reflection," prevents repetition and confusion. A curious iUus- 
tration is this: Stand in front of a mirror, close one eye and 
place the finger over its image in the glass; then open the closed 
eye, and close the open one; the finger wiU stiU be seen over the 
closed eye. 

Let L in the 
figure be a lumi- ^\ 

nous point of an \\ 

object, AB a section n\ / 

of the siir^e of a ^^ / 

plane mirror by the ^**. / 

plane of the paper; * \/ 

E the pupil of an 

eye viewing the ''*\^ 

image of L in the 

mirror. The image, 

in such cases, called 

virtual, will appear to be at \J the same distance behind the mirror 

as the object itself before it. It is evident that rays of light 

falling parallel on the mirror, will leave it also parallel. 
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292. Convex and concave mirrors and their principal proper- 
ties. Demonstrations. 



IlCAaSS FOBMED BY LeNSES. 

293. Different forms of lenses. Rays of lights traversing a 
convex lens^ are deflected &om their path towards the axis of the 
lens^ and an image of the radiant is formed behind the lens. 
The focus of a lens. Focal length, what and how determined. 
Rays of lights traversing a concave lens, are deflected thereby 
&om the axis, and owing to their dispersion no image of the 
radient is formed. If the convex surface be a reflecting one, an 
image wUl be formed in front of the mirror. Telescopes are of 
two kinds, refracting and reflecting Telescopes. Geometrical 
illustrations, and demonstrations, of the influence of difierent 
refracting and reflecting surfaces, in the formation of images. 



The Telescope. 

294. The interest attaching to the construction of this instru- 
ment Its convenience and value to the traveller and mariner. 
Itis inestimable importance to the astronomer. The revelations 
which he has been enabled to make by its aid, adverted to. 
Impassable limit, to which astronomical knowledgew as restricted, 
prior to the invention of the telescope. Of the numerous primary 
and secondary planets now known, only six, or at most seven of 
the former, and one of the latter, wpuld have been known to 
man, without the agency of this admirable instrument The 
rings of Saturn, the lesser comets, and a vast number of inde- 
pendent and associated stars, are classed amongst the discoveries 
due to the same agency. Galileo, the first to perceive the astro- 
nomical value of the invention of the telescope. His discovery 
of the Satellites of Jupiter. 
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Refracting Telescopes. 

295. The Telescope of Galileo. — ^This telescope consisted of 
two lenses, convex and concave; the former being the object 
glass. The distance between the glasses was the difference of 
their focal lengths. He fixed them in a leaden tube, their coin- 
cident axes coinciding with the axis of the tube. The arrange- 
ment exhibited in diagram, and the mode of formation of an 
image of the radient, explained. Instead of the concave eye glass 
used by Galileo, a convex one might be used, the distance between 
the lenses being equal to the sum of the focal lengths of the 
glasses. The capability of such an arrangement for the formation 
of images, considered. Indistinctness manifests itself in an image 
formed by this arrangement, owing to the spherical excess and 
chromatic aberration. The nature of these, and their influence 
in embarrasing images explained. The chromatic object glass of 
Dolond. 

296. Astronomical Telescope. — Instead of one eye-glass, two 
plano-convex ones are now used in astronomical telescopes. The 
virtue of this arrangement, in correcting the defects of single 
eye-glasses, considered. Inversion of objects by such telescopes. 

297. The Spy-glass. — The telescopes used by mariners and 
others, for examining remote terrestrial objects, commonly known 
by this name. Such telescopes exhibit objects in their natural 
position. Manner in wliich this is effected, explained. Loss of 
light by absorption in such arrangements. The supplementary or 
reversing glasses being removed, leave an astronomical telescope 
— the night glass of mariners. Demonstrations. 

The Reflecting Telescope. 

298. In reflecting telescopes rays of light from the radiant 
are received upon a polished metallic mirror, placed at the bottom 
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of the telescopic tube, which serves as the object-glass in refracting 
telescopes. The mirror so formed as to give an image of the 
radient near the mouth of the tube, where it is received upon 
another mirror, or directly by a system of eye-glasses. Descrip- 
tion of Herschel's Telescope. Lord Rosse's Telescope. 

The Micbosgope. 

299. The Microscope is an instrument for examining small 
objects, such as animalculae, invisible to, or imperfectly seen by, 
the naked eye ; or the minute structure of organic and inorganic 
bodies. Importance of the results arrived at by its agency. 
Ehrenberg's observations and discoveries. The simple micro- 
scope. The compound microscope. 

The Camera Obsctjba aio) Cameea Lucida. 

300. The Cameras are instruments employed as aids in the 
delineation of figures, buildings, landscapes, &c. The Camera 
Obscura forms a picture upon a ground surface of glass, which 
may be copied at leisure. The Camera Lucida forms the image 
upon the drawing paper itself, which may then be traced.* The 
instruments exhibited and described, and the method of using 
them shown. 

301. The Camera Obscura has of late years risen to consider- 
able importance, through the invention of Photography. By this 
art the lights and shadows of the picture in the camera can be 
rendered -permanent in a second of time. Processes for the 
taking of photogi^phic pictures on collodion films and on paper. 
Specimens exhibited. The Daguereotype. The Calotype. 
Negative pictures. Positive pictures.! 

♦ Appendix, Note Y. 

t See a Manual of Photographic Chemistry, by T. F. Hardwick. Journal of the 
Photographic Society of London, passim. 
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EXFEBIMENTS. 

First Chloride of silver is precipitated in two phials by addition of common 
Salt to solation of nitrate of silver (Innar caustic}; one is exposed to light, the 
other is excluded from it In a few minqtea the chloride in the light is blackened, 
while the other remains unchanged. 

Second. A picture taken by the collodion process. 

The Eyb. 

302. The most magnificent optical instruments are the eyes 
of animals, — ^varied in form, disposition, and power, according to 
the conditions imder which they are to be used ; displaying the 
infinite intelligence of their Maker. Demonstrations from dia- 
grams, and a dissecting model of the human eye. 

303. A sec- ..^==^^ 
tional diagram of 
the eye is here 
given to assist 
those who may 
not have a model 
to consult; AB 
is an object view- 
ed by the eye; 
AB its image on the retina. 

Membranous Elements. 

The Sclerotic. — The membraneous element, commonly termed 

the white of the eye. 

« 

The Cornea. — The transparent manbrane, stretching over the 
pupil and iris, and constituting the front of the eye. 

The Choroids — The inner coating of the sclerotic, coloured 
black, and constituting a screen upon which external images of 
objects are formed. 
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T%e Retina. — A delicate net work, spread over the choroid, and 
formed by the expansion of the optic nerve. 

The PupiL — The central opening of the eye, protected by the 
cornea, through which rays from the radiant pass. The black 
pigment of the choroid appears through this opening, giving to it 
the appearance of an intensly black circular spot 

The Trie, — A thin drcular membrane around the pupil, the 
fonction of which is to regulate the quantity of light admitted 
into the eye by enlarging or narrowing the opening. 

Refracting Elements. 

The Aqueous Humour. — ^The fluid anterior to the crystalline 
lens, and in which the iris floats. This fluid keeps the front of 
the eye distended; and thereby affords admission to oblique 
pencils of light. 

The Crystalline Lens. — Is a double convex lens, and lies 
immediately behind the iris. It increases in density from the 
circumference to the centre, a contrivance by which the spherical 
aberration is corrected. 

The Vitreous Humour. — ^A fluid occupying the posterior portion 
of the sclerotic cavity. 

Refracting powers of the Humours. 

Aqueous humour 1*337 

Crystalline lens (outer coat) 1*377 

Ditto ditto (centre) ...1-399 

Vitreous humour .1*339 

The Optic Nerve. — A nerve which, proceeding from the braln^ 
enters the base of the eye, and spreads out into the retina. 
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304. If the eye be deranged^ as by flattening of the lens 
through age^ or if through too great convexity naturally, as in 
shortsighted persons^ indistinct vision will be the result In the 
former case the picture will be formed behind the retina; in the 
latter, before it Demonstrations of this by experiment Convex 
spectacles in the one case, and concave ones in the the other, 
respectively, assist the eye in re-adjusting the image. Illustra- 
tions of this. 

BiNOOULAB Vision* 

305. The perception of solidity depends on the superposition of 
the impressions derived simultaneously from a solid object through 
either eye* This fact was first made known by Professor 
Wheatstone. If a solid object placed at a distance &om the eye, 
for instance a thin book or model of a crystal held at arm's 
length, be viewed with both eyes, then with one alone, then 
with the other, its appearance will be different in each case. 
K the experiment be performed in a room, the projections of the 
objects on the wall will be seen to occupy different positions; 
that of the object seen with both eyes together, in the middle; that 
with the right eye towards the left;, and that seen with the left eye 
towards the right 

306. The Stereoscope, — Wheatstone's Stereoscope. Brewster's 
Stereoscope. Demonstrations. Stereoscopic Photographs, how 
taken. 

307. The Pseudoacope (Wheatstone's). Its construction. 



APPENDIX. 



Note A. 

If a point be at rest under the operation of n. forces, acting on it, 
in the same plane, thej maj be represented bj a polygon of n. sides : 
since any two of the adjacent sides of the polygon may be represented 
by a line joining their extremities, and thus the polygon will be reduced 
to n — 1 sides: continuing the operation it will be reduced ultimately to 
a triangle. Let ABC be the resultant triangle, 
in which A is a point acted on by the forces 
represented by the sides of the triangle. Draw 
AD parallel and equal to BC ; since its mag- 
nitude and direction are the same as those of 
BG, it represents the same force as BC does ; 
join BD ; ACBD is a parallelogram of which AB is the diagonal and 
AC, AD adjacent sides : now AC, AD represent forces acting on A, and 
AB is their resultant or balancing force. The parallelogram ACBD is 
the parallelogram of forces of the text. 

If the component forces act in the directions AC, AD, the balancing 
force will act in the opposite direction. Let the forces be P. F. R'. 
then since in the case assumed 

P+F+R'=0 

.•.P+F=— R' 

The negative sign indicates that the direction of R' is opposite to that 
of P+F. 
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The three forces may be further reduced to two: for since AC, AD, 
are equivalent in effect to A B, we have, making AB=R 

P+F=— R' 
butP+F=R 
.•.R=-.-R' 
This result is represented by the line— R' A R' 

— R' A R 



Examples to Chapter II. 

1. Two forces of 8 and 10 seers, respectively, act in the same straight 
line on a point. What will be the magnitude of the resultant; first 
when the directions are the same; secondly, when the directions are 
opposed ? 

2, Two forces of 12 and 20 seers act at right angles to each other 
on a point. What will be the magnitude and direction of their re- 
sultant ? 

' 3. Two component forces, acting at right angles to one another, are 
respectively as 3 and 4. Show that the resultant force is represented 
by 5. 

4. A point is acted upon by three forces of 7, 8, and 16 lbs. May 
the point be at rest ? 

5. Prove that if two forces act upon a point at an angle less than 
two right angles, their resultant cannot be zero. 

6. Find a point in a triangle such that, if straight lines be drawn 
from it to the angular points of the triangle, the forces represented by 
these lines will keep the point at rest. 

7. Three forces act perpendicularly to the sides of a triangle at their 
middle points, and are proportional to the sides ; prove that they are in 
equilibrium. 

8- A body of the weight of 20 seers moves with the velocity of 12 
feet in a second ; what is the numerical value of its moment ? 
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C '."^--^t 



9. Which has the greater moment; a body of 12 eeers weight 
moving with a velocitj of 30 feet a second, or one of 20 seers moving 
with the velocity of 20 feet a second ? 

10. A body has a mass of 8 seers, while that of another is 12 seers; 
the former moves with the velocity of 50 feet a second; with what 
velocity must the second move that the moments of both may be equal ? 



Note B. 



f M 




Let the above circle represent a section of the earth through its 
centre C; M, M', M", M'", masses near its surface. When free they 
by fall perpendicularly to the surface, and therefore all, if not arrested 
by the earth's solidity, would proceed towards the centre in the di- 
rection indicated by the dotted lines, or as a stone passes through water. 
The distances through which M, M', &c, fall in the imit of time may 
properly be taken as the unit of distance; so also may the velocity 
generated in that time be taken as the unit of the force by which it is 
produced, and of which it is therefore the measure. These quantities 
are, in the latitude of London, 16*08 feet and 3216 feet respectively. 
r 
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Note C. 

The small weight used in the experiments, detailed in the text, was 
■^^ of the larger weights together with itself; so that the effect of gravity 
on the smaller weight, distributed throughout the mass of both the laige 
weights and itself, can be only ^ of its whole amount; the velocity of 
the system will therefore be but ^^ of the velocity of the small weight 
falling freely, while the character and laws of the motion will remain un- 
altered. Now it has been proved that bodies move through 16*08 feet 
in the first second of their fall, at the sea level and in vacuo; hence the 
space through which the system employed in these experiments would 
move must be -^ part of this, or 3 inches nearly, agreeably to the fact. 

If fn be taken to represent the small weight, and M each of the large 

ones, then the whole mass moved during the experiment is 2M+m. 

Now since the moments of the whole must be this same as that of the 

small weight, falling freely, we have, taking x to represent the velocity 

of the system, 

X (2M-fm)=w^ 

m 



X =• 



m 



2M4-W '' 
The number ^ ^'' is, in our experiment, ^; we might have made 

it any other if convenience had so suggested. 

The law S=«T^ is known as GalliWs law, having been first esta- 
blished by that philosopher: he performed his experiments upon falling 
bodies by means of an inclined plane. 



Note D. 

The laws of accelerated motion may be represented geometrically as 
follows: — 

Let ADE be a right-angled triangle, ^ 
and AB, BC, CD represent units of the 
time of fall of a descending body; ihen B 
will BG, CF, DE represent the velocities 
acquired, and ABG, BF, CE the spaces q 
described during those times. 



D 
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We have AB : AC : AD : : BG : CF : DE 
Inverting and substituting 



Again — 



or 



BH=2 • ABG 
2CL=2-ACF 

V=2«T 



also 

ABG=ABG • 1=ABG • 1« 
ACF=ABG • 4=ABG • 2* 
ADE= ABG • 9 =r ABG ' 3« 

or S= «T« 

Finally 

ABG : BF : CE : : 1 : 3 : 5 
or 8 : S'— S : S"— S' : : 1 : 3 : 5 



Examples to Chapter III. 

1. A heavy body is let fall from the top oi a tower 160 feet high; 
in what time will it reach the bottom ? 

2. The data as in the last case ; what will be the velocity half way 
down, and what at the end of the fall ? 

3. Through what space will a body falling freely, descend in 3^ 
seconds ? 

4. A body is projected upwards with the velocity of 50 feet in a 
second; to what height will it ascend, and what distance will it have 
reached at the end of 4 seconds ? 

5. A body falls freely from a given height; it is required to divide 
the height into four such parts, that each may be described by the body 
in the same time. • i 

6. If a body were projected upwards with sufficient force to carry it y 
1000 h&ts ; what would be the velocity of projection 2 j 



(I 
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7. The data being as in question 4th ; required the velocity of the 
bodj, when half way down, on its rettim to the earth. 

8. A body is projected downwards from a baloon, a mile above the 
earthy with a velocity of 12 feet in a second; what would be its velocity 
half way down, and what on reaching the ground, if the atmosphere 
offered no resistance ? 

9. A body rolls down a perfectly smooth plane, inclined to the 
horizon at an angle of 25^ 30'. What will be the nature of the motion, 
and what the velocity of the body when it has moved through 150 feet? 

10. How might a blind man furnish himself with data for determin- 
ing the depth of a well ? 

11. A stone dropped from the summit of a rock by the sea shore is 
heard to reach the water in 5 seconds of time. Required the height of 
the rock, the velocity of sound being 1180 feet in a second. 

12. What is the length of a pendulum which vibrates seconds in the 
latitude of London, and at the sea level, g being 32*16 feet ? 

13. Which will vibrate faster, a pendulum at the equator or one of 
the same length at the poles, and why ? 

14. A pendulum, which vibrates second at the sea level, is found to 
lose five vibrations during 24 hours, on the top of a hill; re(^uired the 
height of the hill. 



NotE E. 



The following demonstrations on cen- 
tral forces are taken, with some altera- 
tion, from * Weisbach's Mechanics.' Let 
AB be a very small arc of an orbit of 
which C is the centre of curvature; it 
may be considered as a straight line. 
Let AM, AN be the resolved parts of AB 
in the direction of the axes of X and Y; 
i, e. in the direction of the accelerating 
force, and of a tangent to the curve. 
Now since AB is very small, AP is also 
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very smaU, and hence they may be considered equal to one another; 
also NB=AM. Hence BP=AM (BN) sin ass^sin a (t being the 

very small portion of time in which AB is described), and NPss^cos 
a. Again AN=ci (c being the velocity at A, in the direction AY); 
hence AP=c/-j-'^ cos a. 

Again AP2=BP (BP+2 BC)=2 BP r nearly, since BP is very 
small compared to 2 BC ; hence we have 



'2 BP pt^ sin a p, sin a 

If the direction of the central forces coincide with the radius of cur- 
vature a=90^ and 

p r 

For any mass M= — the power will be 

M -. '^^ _ Wc« 
r ^ 

tod for a velocity v 

Mp=y^ 

or p_Wpg 



.-.P: W: :2. 



t;2 



: : 2a : r 

Thus we find that, the centrifugal fcrce is to the weight of the hody, as 
the spaee due to the velocity is to the radius of the orbit 

If the motion be uniform, we have 

P_Mc*_^« M_/2,rr\ «M _4ir« m__4t* :!^'- = 1-224 J^ 
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Iff instead of T, we substitute the nnmber of revolutions per minute, 

or T= — we obtain 
n 

P=?^|^ n« Mr=0010966 n« Mr=0000331 n« Wr 
ooOO 

Finally, if we put w for the angular velocity ■=- we get 

P=u^ Mr 

Most of the laws of centrifugal force, deduced from experiment, will 
be recognized in the above equations. 



Examples to Chapter IV. 

1. If a body of 201bs describe a circle of 4 feet radius 400 times a 
minute, what will be its centrifugal force ? 

2. Which has the greatest centrifugal force, a body of 12 lbs. weight 
moving in a circle of d feet radius; or one of 15 lbs. describing a 
circle of 2'5 feet radius, the times of revolution being the same ? 

3. While a mass of 28 seers is describing a circle of 20 feet radius, 
eighty times in a minute, what is the least force, and in what direction 
applied, which will bring it to a state of rest ? 

4. A stone, weighing -|^th of a seer, is swung round by a sling, the 
string of which is 2^ feet in length. What will be the tension on the 
hand of the slinger, if the stone be svning round twice in a second ? 

5. The equatorial radius of the earth being 3968 miles, and the time 
of revolution 24 hours ; how much is the weight of a body lessened 
at the equator by centrifugal force ? 

6. If the day were -^ of what it is, or about 1-^ hours long, what 
would be the weight of bodies at the equator ? 

7. The mean siderial period of Jupiter is 4332*585, and of the earth 
365*256 of our days; and the distance of the earth from the Sun is 
95,000,000 of miles. What is the distance of Jupiter from the Sun ? 

8. The distance of Neptune from the Sim is 33*06 times the distance 
of the earth from the Sun. What is the length of his year ? 
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Note F. 




DB 



Let P Q be weights, 4 and Slbs. respectively, AB a rod divided 
into equal parts from C towards A, and from C towards B; then if P 
be suspended at the eighth division towards A, it may be shown that 
when Q is suspended at the fourth division, on the other side of C, 
there will be equilibrium; but that there will not be equilibrium if Q 
be suspended at any other point. 

Any number of forces similarly related as the above, in respect of 
magnitude and situation, wotdd obviously balance each other about C. 
When such forces are weights, the 'point about which they balance is 
termed the centre of gravity. 



Note G. 



The following principle may be adopted in the solution of examples 
5 and 6 of the following exercises. 

When a hocfy is retained in a circular orbit, by aforce^ acting towards 
the centre, its velocity at any point is equal to whcU it toould acqmre, by 
foXUng freely through half the radius of its orbit. 



EXAHFLES TO CeAFTEV. V. 

1. Wbere will die centre of gravity of a homt^eneoiia rod, 6 feet 
long, lie? 

i. A rod of 4 feet long, the weight of which ia neglected, is loaded 
at each end with weights, one being 13 and the other 18 seers. At 
what distance from die greater weight wiH the coitre of gravity lie ? 

3. A rod of 12 feet long, the weight being n^lected, is loaded widi 
weights cS 6, 10, 7, and 16 seers, at distances I, 4, 8, and 10 feet 
reflpecliTely, ftom one extremi^. At what distance from die same 
cstremitj will the centre of gravity lie 1 

4. The mass of the earth to that of the moon bong as 100 : 1-252, 
at what point in a line, joining the centres of the two bodies, will the 
centre of gravity of the system lie ? 

5- Find the greatest speed at which a man 6 feet high may walk. 

€. A person 5'5 feet high walks upon stilts, which add 5 feet to the 
length of his 1^, and lower his centre of gravity half a foot. What 
is the maximnm speed at which he will be able to walk ? 



Let A B C D be a vessel filled with some liquid, as water, up to A B. 

The pressure at the surface will be O, while at the bottom it will be a 
Farther, the whole mass of liquid may be viewed, in 
this case of a cylindrical vessel, 
as made up of a number of 
circolar discs of the liquid, of 
equal thickness, and hence of 
equal weights; the pressure at 
any point, in the side of the 
vessel, will be therefore as the 
number of discs above that 
point, i.e. as the depth of the 
liquid to that point. 
Describe the right-angled triangle DDE, take any point F in BD, 

and draw FG parallel to DE; the piessure at F is as BF and at D 

as BD; but BF ;BD : :FG :DE; hence FG and DE represent the 

pressures. 
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Again; the triangle BDE is made up of lines FG parallel to the base, 
hence the triangle represents the total lateral pressure, and the centre 
of gravity of the triangle, the centre of pressure; but the centre of 
gravity of the triangle is situated at one-third the height of the triangle 
from the base; therefore the centre of lateral pressure is also situated 
at one-third the height of the vessel from the base. For different forms 
of surface of pressure see Grolding Bird, and Brookes Natural Philosophy, 
4th Ed. p. 185. 



Note I. 

Specific Gravities. 

1. In the case of a body heavier than the liquid of comparison. 

Let d be the density to be found, 

d .... of the liqidd. 

W, the weight in air, of the body, the specific gravity of which is to 

be determined. 

W, its weight in the liquid. 

P, the pressure upward of the liquid =:the pressure downward of the 

body ^ the weight of the fluid displaced. 

The mass of fluid displaced=the volume immersed, and its weight is 

P =ydg 
W= Ydg 

Hence jd __W ^ W 

rf' P W— W 

W 

But the specific gravities are easily seen to be as the densities ; heuce, 

W 

w— w 



S =-w^wr. S' (A) 



2. In the case of a body lighter than the liquid; attach a body to it, 
sufficiently heavy to make it sink, then proceed as follows. Find W, 
the weight in air, of the body to be weighed. 

w, v/j the weights in air and the liquid, respectively, of the sinker, 

W, the weight of both in the licpid, 

8 
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then W -^ w =z W \b the sum of the weights of both in air. 
w — u/ = /, the loss of the sinker in the liquid. 

•••« - ^^-Jw + t) ■^' ^«> 

8. A body in powder, but insoluble in a given liquid. 

First. Weigh a portion of the substance in air, and let its weight as 
before==W. 

Second. Determine the weight of a specific gravity bottle and its 
contained liquid, and let it=:W. 

Third. Introduce the powder into the bottle and weigh. Let the 
weight=W. 

Since the difference, between W + W and W, can only be due to 
the liquid which has been displaced by the substance, i,€. to the volume 
of the substance; we have: — 

s = w + w'-w • ^' ^^^ 

4. Determination of the specific orayitieh of liquids. 
First By means of a solid ofhwwn weight. 

Weigh first in the liquid the specific gravity of which is required, and 
then in the standard liquid. 

Let I = the loss in the one 

V = „ „ other 
S, S' = their specific gravities respectively. 
The losses will be as the resistance of the fluids, t.e. as their densities, 
which are as their specific gravities; hence 

/ : Z' : : S : S' 

.•.S= p S' fD) 

Second, By the Hydrometer. 

Let Y be the volume of the instrument. 

V .... of a degree of the stem. 

Let the hydrometer be floated in two liquids whose specific gravities 
are S, S' ; and let the nimiber of degrees of the stem above the surfaces 
of the liquids be n, n' respectively. The volumes of the stem above the 
liquids will be nv, n'v. 

The volume immersed in either case will be: — 

V — nv 

Y — n'v 
wliicli is equal to the volume of fluid displaced. 
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The weights of the liqaids displaced will be: — 

(V — nr) S = W 

(V — n'v) S' = W 

Now the weights are the same in either case, being equal to the weight 

of the hydrometer. 

S V — n'r 

...S =:I-^^^.S- 
V — no 

If V be the unit of volume of the hydrometer, Y becomes Nv and 

therefore: — 

8=4^.8' (E) 

Cor. If in the above cases d' be taken as the unit of density ,*-a8 
distilled water, at the temperature of 62^ of Fahrenheit, and an atmo- 
spheric pressure equal to 30 inches of mercury, generally is, — S' will 
be the unit of specific gravity, and the above equations will become 

(B) S == ^ 



W" _ (W + Z) 

(C) s = W + W— W 

(D) S = -| 

N — n' 

Note. The following formulas are also convenient in practice:-— 
Let P ^ the total pressure of a liquid. 
8 =s the surface of pressure. 
h = the height. 
d ss the density. 
w =s the unit of weight. 

Then for the same surface we have in case of equilibrium, and since 

V := ahw d 
Bhwdzszah'wd! 
h _d' 
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Examples to Chapter VL 

1. The diameter of the bottom of a cylindrical vessel is 3 feet, and 
its height is 8 feet. What is the pressure on the bottom of the vessel, 
when it is filled with water ? 

2. A vessel 3 feet deep, and wider at the mouth than at the bottom, 
is of the form of a truncated cone ; the interior diameters of the ends 
being 8 inches and 11 inches, respectively. What will be the pressure 
on the bottom, when the vessel is filled with mercury. 

3. Water and oil of turpentine balance each other in a 83rphon tube; 
the height of the column of water is 15*375 inches; what is the height 
of the column of turpentine, its specific gravity being 0*78 ? 

4. A column of mercury 30 inches in height rests upon a surface. 
What pressure does the surface sustain, the specific gravity of mercury 
being 13-568 ? 

5. What height of column of water and of air, of uniform density, 
would the column of mercury of the last example support in a syphon 
tube, water being the standard, and the specific gravity of air being 
00012? 

6. The interior diameter of a hydrostatic bellows is 2 feet; the sec- 
tional area of the tube 1 square inch, and its height 6 feet. YHiat 
weight may be raised by the bellows; first, by means of water; second, 
by means of mercury, specific gravity 13*0; and third, by means of 
alcohol, specific gravity '84 ? 

7. What pressure do creatures inhabiting the sea at the depth of 
1000 feet sustain ? If a weight of the same amount were placed upon 
them at the earth's surface, would they be able to endure it ? 

8. A piece of platinum weighs 254*56 grains in air, and 242*5 grains 
in water; required the specific gravity of platinum. 

9. A piece of silver weighs 432*75 grains in air, and 391*54 grains 
in water; required the specific gravity of silver. 

10. From the data of the last two questions, what is the relation, for 
equal weights, between the volumes of the platinum and silver ? 

11. A piece of Bhurtppre sandstone is found to weigh, in air, 836*5 
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grains, and in water, 483*48 grains. What is the specific gravity of 
the stone ? 

12. A portion of the sandstone, of which the Quotub Minar at Delhi 
is built, weighs in aii- 1891*3 grains, and in water 1076*45 grains; a 
piece of the black limestone of the Soan weighs in air 1069*6 grains, in 
water 675*58 grains. Compare the densities of the two stones. 

13. A piece of cork weighs 68*45 grains in air; it is attached to the 
silver of the ninth question, and both together are found to weigh, in 
water, 5*25 grains. What is the specific gravity of cork ? 

14. Wishing to determine the specific gravity of a powder, not soluble 
in water, I made the following weighings : — 

Powder ------- 64*15 grains. 

Specific gravity bottle filled with water - 1636*7 „ 
The same bottle filled with the powd» and 

water together ----- 1674*25 „ 

Bequired the specific gravity of the powder ? 

15. A sphere of silver is to be coined into rupees, -^th of alloy 
having first to be added; the diameter of the sphere is 8 inches, the 
specific gravity of silver being 10*5, and a rupee weighing 180 grains. 
How many coins will be produced from the sphere ? 

16. A hydrometer, the stem of which is graduated to thousandths of 
its volume, is made to float in two liquids ; in the one 60 degrees, and 
in the other 90 degrees of the stem are above water. What are the 
relative densities of the liquids ? 

17. A hydrometer, graduated from the extremity of its stem, into 
ten thousandths of the volume of the instrument, has its zero point 
determined for distilled water; when floated in a certain liquid, 600 
degrees of its stem rise above the surface. What is the specific gravity 
of the liquid ? 

18. Into how many cubic inches of steam are 5*5 cubic inches of 
water convertible ? 

19. Water was found to boil, on the top of a hill, at 208*25^ of 
Fahrenheit; required the height of the hiU ? 

20. At what temperature would water boil on the summit of Dawa- 
lagiri, the height being 27,000 feet ? 




Note K. 

Let AB be a jar contMn- 
ing liquid; CDE a syphon, 
vith one limb DC im- 
mersed, and the other, DE, 
free. Suppose the eyphon 
to be filled with the liquid; 
D a diac of the same by 
parallel sections, perpen- 
dicular to the aids of the 
syphon, at the highest 
point; the motion or rest 
of D is dependent on the 
forces acting upon it, along 
the limbs of the syphon. 
Since the surface of the liquid is subject to the piesBuie of the atmo- 
sphere, i.t. to about 15 lbs. on every square inch of sur&ce, and since 
fluids transmit forces applied at any one point of their mass to every 
other point, the pressure on the immersed orifice of the ^^hon, and 
hence np its limb, is at that rate ; but since the tube is of uniibrm bore, 
and the difierence of the length of the limbs small, the pressure at E 
is equal to the pressure at C, — equal to P. Again ; the forces, acting 
up the limps, CD, ED, upon the disc D, are opposed by the forces Vdg 
and Vdg respectively, where V, V is the volume of liquid in either 
limb ; let these forces be represented by p, p'. Hence the total force 
upon D, in the direction CD, is P— y; while P — p' is the force, acting 
on it in the direction DE. 

Now, a p>p', which it is when E is at a higher level than 0, 
P — p < P— y', and D will move down the limb DC; for this condition, 
therefore, the liquid will flow back into the vesseL 

Up = p', which it is when the levels of E and C are identical, 
P — p=zP — p', and D will be at rest; in this case the liquid will flow 
neither way. 

If J) <p', which it is when E is at a lower level than 0, P — p > 
P — p', and the disc D will be uiged down the limb DE; the liquid in 



this case vill £ow out through tihe syphon. This then is the condition 
of action of the Bfphon, that tht orifice of t?te outer limb be m 
a U/uxr lend them Hu twface of the Uqyid hang removed. 



Let AD be a vessel having ^ 


B 


a fiumel-shaped orifice, 0, in 1 
its bottom. If the liquid be | 


M'l V'" il' ' " i,'i/'''""^^^TT-^ 


allowed to issue out at this 




ori£ce &om the full vessel, 




the latter will become emptied 
above, the intermediate part 
remaining as before ; the liquid 
discharged must be consider- 
ed, therefore, to come ^rom *- 1 


4 


the surface. Let us however 


^'i 


consider the vessel to be kept 






1! 



let Q be the discharge in the unit of lame, and d the density of tlie liquid ; 
then tlie mechanical efiect of Q, in moving through h, will have been 
dQA ; but the effect of the same mass, due to the velocity &om is 

-g-r ; and tlie effects being identical, we have 

.-. V = ^'Igh = 8-03 ^h 
This result gives us the law enunciated in the text, and which is 
due to Torricelli. 

A slight retardation is found, in practice, to arise probably from 
the int«ference of lateral currents, which gives, according to Weisbach, 
a co-efficient of about -97; hence the equation 
V = 803 Vl 



i-97 ! 



8-03 V A 
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Note M. 

Let AX, AY be co-ordinates at A, 
the commencement of the jet; B a 
point in the jet whose co-ordinates 
are AD, AC or w, y. If the jet were 
not deflected by gravity, it would 
proceed in the direction AY, with the 
velocity of projection; hence 

y — ct 

It is however acted upon by gravity, 
under the operation of which alone 
it would descend along AX; and in 



the time i, the space which it would describe would be 



X 



Substituting for t, we get 



V 



2 



2 c2 



or 



y«= X 



which is the equation to the parabola, where 

2cg 
9 



=4a 



Examples to Chapter VIL 

1. What will be the working limit of a sucking pump, when the 
barometer stands at 28*5 inches ? 

2. What would be the working limit of a pump, at the top of a 
mountain; where the minimum height of the barometeric column is 
22-48 inches ? 

3. Water is to be raised from a depth of 90 feet, by means of a 
lifting pump. What will be the length of the discharge tube, and 
what the tension at its lowest extremity ? What would they be if the 
pump were a forcing one ? 
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4. What quantily of water may be raised, in a day of 12 hours, by a 
pmnp of 6 feet stroke; the diameter of the cylinder being 18*57 inches, 
and the rate of working 8 strokes a minute ? 

5. What would be the limit of efEciency of a pump for raising 
alcohol, specific gravity '839; and sea water, specific gravity 1*028, 
respectiyely, the lower limit of barometric range being 28*05 inches ? 

6. Water is thrown upwards, by a fire-engine, with the velocity of 
50 feet in a second; to what height will it rise ? 

7. Water flows from a conical shaped orifice, in the bottom of a 
vessel 8 feet deep. What is the velocity of discharge of the water ? 

8. A fountain is supplied by a reservoir 20 feet above it; to what 
height should it play, theoretically, and what causes will modify that 
value ? 

9. Water issues from a horizontal jet, 12 feet from the ground, in the 
side of a cylindrical vessel, with a velocity of 6 feet in a second. At 
what distance from the bottom of the vessel will the jet reach the earth ? 



NOTB N. 

CoMPASATivE Masses of the Atmosphere akd Earth. 
Let d be the mean density of the earth, M its mass, r its radius, and 
d' the density of mercury. We have for the earth^s mass 

M' = 1^ c? S r 

Hence^=i:Sx2:5 
M' idSr 

and M=il4iLllM' 

dSr 

Let r = 3968 miles; d' = 13*6; d = 5*5, (which they are pretty 
accurately,) and we obtain 

M = 0000008892 M' 
or the mass of the atmosphere is nearly a millionth part of that of the 
earth.* 



* Foisson, Traite de Mechaniquo. 
t 
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Note O. 

The Limit which the Atmosphere does not exceed. 

g 
The centriftigal force at the eqtiator ="209 

g{r + z) 



At the distance ^ it is = 



289 r 



Gravity at that distance = ^ — rj 
Hence, for the limit, ^^^^^^^ _ fl'T* 



289 r "■ (r + zf 
The solution of this equation gives 

z^r 4/'289 — r == r ( i/ 289"— 1) = 5 r nearly. 
Hence the limit adverted to does not exceed five times the radius of 
the earth.* 



ExAMHiES TO Chapter IX. 

1. How much, by weight, of atmospheric air, will be contained in a 
vessel of \\ cubic hdts ; at mean pressure, and at the sea level ? 

2. How much, by weight, would the vessel of the last experiment 
contain at a height above the sea level of 1^ miles ? 

3. If the atmosphere were of the same density throughout, and 8^ 
miles high ; what would be the mean height of the barometric column ? 

4. What would be the height of the barometric column, at a depth 
in the sea of 25 feet ? 

5. The height of the barometric column in a diving bell being 42*5 
inches, required the depth, — a barometer at the surface standing at 29*5 
inches? 

The radius of two associate Magdeburg hemispheres is 3 inches. 
If the air be totally withdrawn from them what force wiU be required 
to separate them; first, when the barometer stands at 30 inches; second, 
when it stands at 28*5 inches ? 

7. Gay Lussac found, at the height to which he ascended in a 
balloon, the barometric column to be 12*3. What height above the 
sea does this give, by Leslie^s formida, taking the mean pressure at the 
sea level to be 2985 ? 

* Poisson. Traite de Mechaniqne. 
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8, The height of Dewalgiri being 27,000 feet; what would be the 
height of the barometric column at its top, supposing the temperature 
to be S'6^ Fahrenheit ? 



Note P. 

Table of the specific gravity and volume of water for each degree 
centigrade, from 0^ to 30^, the unit being taken at the temperature of 
greatest density = -f 4^ C* 



Temperature. 


Specific Gravity. 


Volume. 


0^ 


0-9998918 


1-0001082 


1 


0-9999382 


1-0000617 


2 


0-9999417 


1-0000281 


3 


0-9999920 


1-0000078 


4 


1- 


1- 


5 


0-9999950 


1-0000050 


6 


0-9999772 


1-0000226 


7 


0-9999472 


1-0000527 


8 


0-9999044 


1 0000954 


9 


0-9998497 


1-0001501 


10 


0-9997825 


1-0002200 


11 


0-9997030 


1-0002970 


12 


0-9996117 


1-0003888 


13 


0-9995080 


1-0004924 


14 


0-9993922 


1-0006081 


15 


0-9992647 


1-0007357 


16 


0-9991260 


1-0008747 


17 


0-9989752 


1-0010259 


18 


0-9988125 


1-0011888 


19 


0-9986387 


1-0013631 


20 


0-9984534 


1 0015491 


21 


0-9982570 


1-0017560 


22 


0-9980489 


1-0019549 


23 


0-9978300 


10021746 


24 


0-9976000 


1-0024058 


25 


0-9973587 


1-0026483 


26 


09971070 


1-0029016 


27 


9968439 


1-0031662 


28 


0-9965704 


10034414 


29 


0-9962864 


10037274 


30 


0-9959917 


10040245 



* Berzelius, Lehrbuch der Chemic. 
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Note. — The table shows that the density of water diminishes more 
rapidly than its specific gravity does. Now since bj the expansion of 
bodies their capacity for heat is increased, this difference would seem to 
indicate weight, and hence materiality, in heat. 



Note Q. 

Let V, t/ be the volumes, before and after dilation, of a rectangular 

bar. 

2, V the lengths before and after expansion. 

Then, from the similarity of masses, we have: — 

and t/ — V : r : : V^ — P : J^ 



Hence 



,/— 4; yz—p 



_ (/g + ^r + /^«) (y— 

= ^ ^ ., ultimately 

I 

_ 8 (r-0 

... t/ — »= ^7 . V 

The increase of volume varies therefore as the linear expansion. 



Note R. 



H/ 


f 


\ 


\s. 


iff 


\\ 


// 




KnL- 


\w 


^ /y 




L Xm 


::=:^" ^-r 


0/ p.^c: 


I! 


^wC 


^/ 


w 


\ 


wv! 


/ 


\ 





G 
O 
E 



Let A . . . G, H , . . N be sections through the foci F, F' of two para* 
bolic mirrors placed opposite to, and at some distance from, each other ; 
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let ihe heated ball be in F, and the bnlb of the thermometer in F. 
Since the rays of heat proceed from F in all directionSy some of them 
mil fidl upon the surface of which A ... G is a section; let FA, FBy 
&o, be such rays. Now it is fotmd that instantly the heated ball is 
placed in F, the thermometer in F is affected; it is foandy moreorer, 
that the distorbance is not due to the direct rays, since the thermometer 
may be placed much nearer to F than F is, without sensible effect being 
produced; it must therefore be due to the reflected rays. Now if rays 
proceediDg from the focus, and reflected from the surface of one para- 
bolic mirror be found in the focus of another placed opposite to it, they 
must have been reflected from the surface of the latter also; they must, 
moreover, have fallen upon it in a direction parallel to the common axisi 
or principal diameter, of the surfaces. Now from the nature of the 
parabola the angles made by FA, AH; AH, HF' with the tangents at 
A and H, that is with the surfaces themselves at those points, are equal 
to another. Draw AO, HP normals to the surfaces at A and H: it is 
easily seen that FAO, OAH ; AHP, PEDE*' are equal to one another, and 
these are the angles of incidence and reflection: thus the law is 
established. 



Examples to Chapteb X. 

1. What is the equivalent of 76° of Fahrenheit on the scales of 
Beaumur and Celsius, respectively ? 

2. The temperature of greatest density of water is, by the thermo- 
meter of Celsius, about 4°; what is it by those of Fahrenheit, and of 
Reaumur? 

3. If mercury freezes at — 40° on the scale of Fahrenheit; what is its 
freezing point on the scale of Celsius? 

4. Suppose the mean temperature at the mouth of an artesian well to 
be 65° of Fahrenheit, and the heat to increase 1° for every 60 feet of 
depth, as it appears to do; at what depth would mercury boil and silver 
melt, the points for both being 600° and 1820° respectively? 

5. A cylindrical bar of metal, 3 inches in diameter and 18 feet long, 
is found, under the operation of heat, to have gained an inch and a half 
in length. What will it have gained in volume? 
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6. A piece of platinum weighing 6 oz. is heated to the boiling point 
of water ; it is then plunged into 3 ounces of water, of the temperature 
59° of Fahrenheit, and is found to raise the temperature of the water 
to 68°, by its own cooling. What is the specific heat of platinum? 

5. A pound of quicksilver at 40° is mixed with a poimd of water at 
156°; the resulting temperature is 152*3°. What is the specific heat of 
quicksilver? 



Note S. 

The positive and negative relation of metals differs with the nature 
and condition of the electrolite, and consequently with its action on each, 
as seen in the following table given by Becquerel ;* in which, as in the 
text, every metal is positive to all that follow it. 



Concentrated Nitric Acid. 


Dilute Nitric Acid. 


Oxidized Iron. 


Silver. 


Silver. 

Mercury. 

Lead. 


Copper. 
Oxidized Iron. 
Iron. 


Copper. 

Iron. 

Zinc. 


Lead. 

Mercury. 

Tin, 


Tin. 


Zinc. 





Note T. 

It has been thought advisable to give here, briefly, an account of some 
of Volta's fundamental experiments, and the conclusions which he based 
upon them, since students find considerable difficulty in forming precise 
theoretical notions on this subject. 

He employed, in the first experiment, two insulated metallic discs, one 
of copper, and one of zinc ; and in the other a compound plate, made 
up of a plate of zinc and one of copper soldered end to end: in all, an 
electric condenser, — an Electrophorus with a small lid. 



Elements D'electro Chimie. 
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EXFEBIMENTS. 

First He brought two insulated plates, one of copper and one ot 
zinc, into contact; and on separating them found the zinc positively, 
the copper negatively electric. 

Second. Taking the compound plate, or pair, by the zinc end, he 
brought the copper end into contact with the copper plate of an electric 
condenser. On removing it, the condenser was found to be charged. 

Third. Taiyuig the compound plate by the copper end, he applied the 
zinc end to the plate of the condenser. On removing it, the condenser 
was found not to be charged. 

Fourth. The same experiment as the first, but with a piece of moist 
paper interposed between the compound plate and the plate of the con- 
denser. The condenser was now found to be charged positively. 

Fifth. The second experiment, but modified as in the last case. The 
condenser was found to be charged negatively. 

His explanation of the results are: metals, probably all bodies, exer- 
cise a reciprocal action, upon their respective electricities, when in 
contact. In the second experiment, the plate being held by the copper 
end, a portion of its electricity fiows to the zinc end , when the latter is 
C?*brought into contact with the plate of the condenser, the plate strives 
with equal force to discharge its electricity, and consequenthly none is 
communicated to it by the plate. In the third experiment, the copper 
end being brought into contact with the same metal, a portion of its 
electricity is transmitted, suflicient to establish equilibrium between 
the two. 

In the fourth experiment, metallic contact between the plate and con- 
denser being destroyed by the moist paper interposed, the electrometer 
force ceases, and hence the positive electricity of the zinc obtains ad- 
mission into the condenser, charging it positively. The fifth experiment 
does not require particular explanation, but serves to throw light upon 
the rest, and is otherwise instructive. 

The principle of action of the Voltaic pile, and the increase of power, 
with increase of the number of elements, in Voltaic batteries, become 
thus easily explained. 

Let the pile be insulated, and let the electricity of a piece of zinc above 
that of a piece of copper, of the same size, be represented by unity. 
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Then, if the pile be composed of a simple pair, and if the electricity of 
the copper, considered as placed below, be represented by — ^, that of the 
asinc will be+^. 

If we now super-impose a piece of moist paper, or cloth, and then 
another piece of copper, the zinc and the copper first added will be 
equally charged ; and, since the pile is insulated, the copper must hare 
derived its charge from below. The state of the pile will now be — 

The lowest plate — f 

The second — |-fl = + J 



The upper s= + 



3 



If, further, we now add a piece of zinc, it will, by the hypothesis, hare 
a unit of electricity more than the copper with which it is in contact, 
and which — ^the whole being insulated — ^it can only obtain at the expense 
of those below. We shall thus have for the present condition of the 

pile- 

The lowest plate — | — J=— 1 
The second + j — i=^ 

The third +i — }= 

The upper + l= + l 

Continuing in the same manner, for every additional pair, we shall 
have two arithmetic series, commencing at the middle of the pile, one 
ascending, the other descending, the sum of both together being equal 
toO. 

The conditions of the uninsulated pile are obtained similarly. In this 
case however, the earth being the reservoir from which the electricity is 
derived, the power of the pile is limited only by the number of pairs, 
as the following considerations will show. 

The electric excess in the lowest copper plate will be 0, since what is 
generated there by the electromotor force in the pair, will pass off into 
the earth. The electricity of the first zinc plate will therefore be 1. 
If a piece of moist paper or cloth, and then a copper plate, be super- 
imposed, the electricity of the copper will be the same as that of the 
zinc, viz. 1. If a piece of zinc be now placed upon the copper, its 
electricity will be the same as that of the copper +1, i.e. 2; and so for 
any number of pairs. We thus have for successive charges of the zinc 
plates, beginning at the bottom. 
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First plate 1 

Second 2 

Third . . . 8 

Nih. n 

Note. The chemical theory haa been pnrposelj extended from con- 
mderatdon, as being likely to perplex and embarrass the nnderKanding 
of the pupil rather than assist it. There can be little objection to the 
exclasion, however, since either theory must be looked upon aa only, 
provisional, — the occasions, not the causes, of electric developm^it beii^ 
as yet certainly known. 



The following diagram, will assist the student in comprehending the 
diiectioii of rotalioQ of a magnetic needle under influence of an electric 
current. 




C, Z. The copper and zinc cells of a voltaic pair, respectively. 

S N. The upper wire of the rectangle in the ordinary arrangement 
for Oersted's experiment; and situated in the magnetic meridian, accord- 
ing to the letters. 

While the current passes, as in the figure, the needle will continue 
deflected towards tlie right, at its austral end; or, as we might espress 
it, towards the east If the current be reversed the same end will bo 
deflected towards the west. 
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NOTB V. 

Roemer and Cassini discovered, in the eclipses of Jupiter's Satellites, 
a measure of the velocity of light. That planet, lighted, like the others, 
by the Sun, casts behind it a conical shadow, into which when its 
Satellites fall, they become eclipsed, and thuys invisible to observers on 
the Earth. Suppose the Earth in that part of her orbit lying between 
Jupiter and the Sun, when an eclipse of Jupiter's first Satellite takes 
place; then in 42^ 28' 38" the same Satellite will be again eclipsed, and, 
if light had not progressive motion, the eclipses would be seen to recur 
at the end of every 42^ 28' 88" from the first eclipse, without reference 
to the proximity or remoteness of the observer. When, however, the 
Earth is in that point of her orbit in which she has the Sim between 
her and Jupiter, and therefore the latter more distant from her than 
before by the diameter of her own orbit, the eclipses of the first Satellite 
are found not to recur at the computed periods, but about 16^ minutes 
later.* The retardation takes place, not for the maximum distance 
only, but proportionately for intermediate distances; t.e. the eclipses 
are too late by times which are to 16^ minutes, as the distance of the 
Earth from Jupiter is to the maximum distance. It is evident, then, 
that the retardation is due to progressive motion in light, which thus 
occupies nearly 16^ minutes in travelling across the Earth's orbit, and 
therefore 8' 13'"3 in coming from the Sim to us. 

Note. — ^It follows from the above demonstration, that the position 
which the sim appears to us to occupy differs from the true one by 
about S^ minutes in time nearly, or in space nearly an eighth part of 
his own diameter; while, since the light of a Lyras takes nearly 13 of 
our years to reach the Earth, the apparent position of that Star in the 
heavens will differ from the true one — supposing it to have a proper 
motion — by the displacement due to 13 of our years. * 



Note W. 
Co-efficient of Refraction and Critical Angle. 
If light be passed through a slit in the centre of the diametral plane of 
a semi-circular box, it may be made to fall on any part of the circular wall. 



♦ Mm. 26-68. 
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K it be made to &11 on either side of the radial line, and the place on 
which it falls, when the box is empty, noted, it will be seen to &11 
nearer to the radial line when the box is filled with water; bnt at 
points different from this for other liquids. If the circular wall be 
graduated the relative amount of refraction for different liquids maj 
be noted and tabulated.* 

Let the angles of incidence and refraction, found for a given liquid, 
be CDF, HDG, in the text; then from a point in DC let fall a perpen- 
dicular upon FG; and at the same distance along DH let fall another 
perpendicular on the same line. Let these perpendiculars be p, j^ 
respectively; thus 

-^= the co-efficient of refraction; otherwise 

Sm. CDF p 

Sin. HDG^ ^ 
If CDF = 90«, we have 

1 ' 1> 
Sin. HDG "" /?' 

. • . Sin. HDG =-^ 

This is the cbitioal angle of refraction, and is for water, 48^ 35\ 
and for glass, 38^*41'. 



Note X. 

Positive and Negative Crystals. 

I. Positve GrystaU. 

Quartz. Titanite. 

Zircon. Ice. 

In this class, to which the crystals here enumerated belong, of the 
refracted rays, the extraordinary lies nearer to the perpendicular, at the 
incident point P, than the ordinary, as is shown in the following section 



* See Mailer's Lehrbuck der Fhjsik, 4 Edition, toI. il p. 393. 



of a crystal of qviartz hy the plane of the paper, in which plane the 
incident and re&acted rajd are supposed to be situated. 



Taking 




IS an^ of inddence, AFB, 

„ ordinary refraction, BPo, 

„ extraoidinary refraction, BP«. 



We hare for this class 



IcELAtiD Sfak. 
BrrisR Spae. 



II Negative Ciystals. 

CktRUHnim. 

KCBT. 

NiTBATE OF Soda. 
In Uiis class, vhich is a very extensive one, ^e extraordinary te< 
fiwited ray Ues farther from the perpendicidar than the ordinary re- 
fracted ray does, as is shown in the following section of a crystal of 
Iceland Spar, in which the letters correspond with those in the diagram 
above. 



::z7 



„ Sin. i Sin. « 

For this class obviously g. , >- g^ - ^ 
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Note Y. 

It Has been seen, in Note W, tliat the greatest refi^acting angle for 
glass is 88^ 41'. If the path of the raj be reversed, therefore, the 
incident angley in case of emergence, cannot exceed that quantity. 
It is found, indeed, that when it does exceed this limit, there is re- 
flection — ^the most perfect known — ^within the glass. It is desirable 
to show here how this fact is availed of in the construction of the 
Camera Lucida; since many experience difliculty in the use of this 
el^ant little instrument which, otherwise, might find increased employ- 
ment amongst the eleres of our collies. 




A B C D is a four sided prism, right angled at B, and having the 
angle APC 135^, then BAD, BCD, which are equal to one another, 
wiU be each 67® 80'. 

1£ a pencil of rays from an object in the direction EO fall perpen- 
dicularly on B, it will be incident on DC at an angle which is the 
complement of 0£C, and is, therefore, equal to BCD, hence there will 
be complete reflection at E. The same will take place at F, and the 
pencil will finally emerge at, or near to, a right angle from AB, and may 
be received by the pupil p p' of axi eye situated as in the figure. An 
image of the object from which the pencil OE proceeds will therefore 
be seen in the direction of the table TT', and may be made to repose 
on the sheet of drawing paper on which its outline is to be traced. 
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In the use of the instroment the pupil of the eye should be so 
placed, that while it views the image of the object through the prism, 
it may also see the pencil directly. Such instruments are generally 
provided with lenses, by means of which rays from the image of the 
object and from the point of the pencil may be made to have the same 
divergence at their entrance into the eye. 



GLOSSARY.* 



Absorption. (Lat. absorbeo^ to suck up). The power or act of im- 
bibing, or drinking up a fluid ; as trees by their roots draw up or 
absorb the moisture of the soil, containing their food in solution. 

AcHBOiCATio. (Gr. a, priyative; cAroma, colour). Without colour; thus 
telescopes are said to be achromatic, when their field is unfringed 
by colour. 

Acoustics. (Gr. actmo, to hear). The science which treats of sounds. 

Action. (Lat. ago^ to move). The energy exerted by one body upon 
another; while the action returned by the latter is termed re- 
action, the two being equal. 

Aerifobm. (Lat. aJevy the ^xt^forma^ a form). Having the physical 
nature of air; such are the gasses generally. 

Aerostation. (Gr. aer, the air; iatemi, to weigh). Suspension in 
the air, a name given to the art of traversing or navigating the 
air by means of balloons. 

AFFiNnr. (Lat. ad, to; Jims, a boundary). The relationship of one 
element to another; in Chemistry, the force which produces new 
compounds from dissimilar elements. 

ALGOH(»i. (Arabic, al, the article; hohU, a spirit). The intoxicating 
principle in spirituous liquors; spirit of wine. 

Alkali. (Arabic, a/, the article; hali, the name of a plant). A 
substance which neutralizes acidity; such are potash, ammonia, 
&c. 

Amalgam. (Gr. ama, together; gameo, to marry). A term signifying 
the union of a metal with mercury. 

* This glossary is much indebted to that appended to Professor Darnell's 
excellent work on Chemical Philosophy. 
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Amber. (Arab, umber, grass). A fossil resin, or gum, produced by 
an extinct species of pine or fir, in which the attractiye power of 
electricity was first discoyered; the gam was so named on account 
of its possessing the power of attracting small pieces of straw, or 
grass, when rubbed. Its name in Persian, Khyroba) is analogous 
to this, meaning the straw-attractor. 

Analogous. (Gr. ana, thoroughly; logos, a relation). Possessing cor- 
responding relations; or performing corresponding functions. 

Analysis. (Gr. ana, thoroughly ; luo, to loosen). The reduction of a 
whole to its parts ; the technical meaning of the word is analogous 
in Geometry and Physics. 

Antaqonism. (Gr. anti, against; agonizomai, to contend). The strife 
of one force against another; such is the opposition which exists 
between centripetal and centrifugal forces; also between the at- 
tractive and repulsive molecular forces, &c. 

Abicatube. (Lat. armo, to arm). A piece of soft iron employed to 
connect the poles of a magnet, or system of magnets, to prevent 
their becoming enfeebled. 

Astatic. (Gr. astatos, balanced.) A term applied to a compound 
magnetic needle, made up of two magnetically equal needles, 
parallel between themselves, and with their opposite poles adjacent 
to each other. 

AsTRONOMT. (Gr. astron, a star; nomas, a law). The science which 
treats of the heavenly bodies. 

Atmosphere. (Gr. atmos, vapour; sphaira, a sphere). The air which 
we breathe, and which surrounds our globe. 

Atom. (Gr. a, not; temno, to cut). An ultimate particle of matter, 
not susceptible of diminution. 

Attraction. (Lat. ad, to; trako, to draw). The tendency of bodies 
to approach towards each other, or rather the cause, whatever it 
be, of that tendency. 

Aurora Borealis. I (Lat. aurora, the morning; horeas, the north; 

Aurora Australis. ) auater, the south). Brilliant, corruscating, 

lights seen in high latitudes, t.e. towards the north and south 
poles of the earth respectively. 

Austral. Lat. (auater, the south). Pertaining to the south. 

Balancing, sustaining equilibrium. Fair traders balance or weigh 
their commodities by just and corresponding weights. 
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Balloon. (Fr. ballon^ a ball). A spherical bag of silk, or other light 

material, for containing gas, steam, or smoke, by the buoyancy of 

which it may be enabled to ascend in the atmosphere. 
Babgheter. (Gr. baros, weight; metron, a measuse). An instrument 

for determining the pressure, or weight of the atmosphere. 
Biaxial. (Lat. bis, twice; axisy an axis). Having two axes. In optica 

the term is applied to crystals, which have within them two lines 

similarly surrounded by equal optical powers; in other words, two 

axes of double refraction. 
Bibulous. (Lat. btbo, to drink). Having the quality of drinking up, 

or affording a passage to moisture; such is the sponge, unsized 

paper, capillary tubes, &c. 
BoDT. An aggregate of molecules, comprehending the solid, liquid, and 

gaseous forms of matter. 
Boreal. (Lat. boreas, the north). Northern; belonging to the north. 
Bromine. (Gr. bormaa, stench). A liquid, elementary substance, 

having a strong pungent odour; it is much used in Photography, 

on account of the great sensibility to the chemical action of light, 

which it gives to iodized metallic plates. 
Bucket ; a wooden or other vessel for containing liquids ; also the cells 

on the periphery of overshot water-wheels. 
Calc Spar; named also Iceland spar. Crystallized carbonate of lime, 

belonging to the rhomboidal class of crystals. 
Caloric. (Lat. color, heat). The cause of the sensation of heat. 
Calottpe. (Gr. kahs, beautiful; tupos, an impression). A picture 

produced on paper suitably prepared by the action of light. 
Camera Luicida. (Lat.) An instrument for the formation of images 

of objects ; the images being produced by the agency of a prism, 

and in the light. 
Camera Obscura. (Lat.) An optical instrument for the formation of 

images of objects, by means of a lens; it was originally used in 

a dark room, hence its name. 
Capillary. (Lat. capilluSf hair). A term applied to bodies having 

exceedingly fine, or hair-like, bores. 
Carbon. (Lat. carbo, a coal). The chemical name for charcoal. 
Caustic. (Gr. huo, to burn). Possessing the property of burning; 

a name given,* in Optics, to the curve of maximum illumination, 

by reflected or refracted light. 
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Centrifugal. (Lai. centrumj a centre; fugio^ to cause to fly). Acting 
from the centre; the force which acts in opposition to the Cen- 
tripetal force, is called the Centrifugal force. 

Centkipetal. (Lat. centrum^ a centre; peto^ to seek). A force, urging 
a body towards a centre, is named Centripetal force; such is the 
force which causes a stone to fall towards the Earth, and the Earth 
to tend towards the Sun. 

Cereals. (Lat. cerea^ com). The different species of grain, the edible 
part of which is protected by a husk ; such are wheat, oats, and the 
like. 

Choroid. (Gr.) A membrane lining the outer coat of the eye; deriving 
its name from a fancied resemblance to the exterior investment 
of the ovum. 

Chromatic. (Gr. chroma^ a colour). Of or belonging to colour. 

Cohesion. (Lat. cum, together; hcsreo, to stick). The relation between 
bodies, or parts of bodies, which causes them to adhere together. 

Combustion. (Lat. comburOj to bum). The process of change pro- 
duced in bodies by burning; as for instance, in wood by the 
destructive action of fire. 

Complementary. (Lat. compleo, to fill). That which makes up, or 
completes a thing; as that which makes up a right angle, in 
Geometry ; or that colour, which, added to coloured light, makes 
up white light, in optics — thus, red is complementary to green. 

Concave. (Lat. concavua^ hollow). That which is curved inwards; 
as the interior surface of a cup, or a section of the same. 

Conduction. (Lat. con, together; dvco, to lead.). The power of 
transmission of heat, electricity, &c. 

Congelation. (Lat. con, together; gelo, to freeze). The process of 
freezing; conversion of liquids into solids by cold. 

Constituent. (Lat. conatituo, to put together). The parts, of which 
any thing is made up, axe said to be its constituent parts. 

Contact. (Lat. can, together ; tango, to touch). The mutual relation 
of two bodies which touch each other. 

Convex. (Lat. con, together; veko, to carry). Curved outwardly. 

Cornea. (Lat. comu, a horn). The transparent clear membrane of 
the eye, which covers and protects the Lris and Betina. 

Corpuscular. (Lat. dimin. of corpus, a body). Hdating to atoms. 
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GouROMNE Des Ta8SE8. (Fr.) Grown of cups. A name given, by its 

contriyer, to a voltaic arrangement, on account of its fiincied 

resemblance to a crown. 
Cbtophobus. (Gr. kruoi, cold; pherOj to produce). An instrument for 

showing the effect of evaporation on temperature. 
Crystal. (Gr. kntgUdlos, ice). Substances having regular forms, and 

frequently transparent like ice. 
Daguerseottpe. The art of taking pictures by the agency of light on 

metallic surfaces; called Daguerreotype in honour of Daguerre, 

its inventor. 
Decovpositkik. (Lat de^ from; wmpanOj to compound). The resolution 

of a compound body into its constituent elements. 
Deflagration. (Lat. de^agroj to bum). Burning with corruscations 

of light, as in the case of wire, or plates of metal, burned by 

galvanic fire. 
Deflection. (Lat. de, from ;\fiecto, to bend). The turning aside of 

something from its path ; as the magnetic needle, by the electric 

current, in Oersted*s experiment. 
Deliquiscence. (Lat. deUqueOj to melt). The melting of a substance 

by absorption of moisture. 
Detonation. (Lat. detonoj to thunder). Explosion accompanied with 

noise. 
DiAOEAM. (Gr. diagrcqphoy to delineate). A representation by drawing ; 

as the pourtrayal of propositions, and demonstrations, by figures. 
DiA Magnetic. A term applied by Professor Faraday to bodies which, 

under magnetic infiuence, take up positions at right angles to those 

assumed by magnetic bodies. 
Diaphanous. (Gr. dia, through; phanoy to. shine). Through which 

light can pass. 
Diaphragm. (Gr. dia, separation; phrassoj to shut up). A separation 

between two things ; a stop emploped in telescopes, &c. to intercept 

a portion of the light. 
Dielectric. (Gf. dia^ through; electrouj electricity). That through 

which electricity may be transmitted. 
Differential. A minute difference. 
Differential Thermometer. A thermometer for the detection of very 

small differences of temperature. 
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Diffraction. (Lai. de, from; frango, to break). THe breaking or 

bending of rays of light from tHeir straight course, which occurs 

on their passing the edge of an opaque body. 
Dipping Needle. A magnetic needle or bar, free to move in a vertical 

plane; an instrument for showing the direction of the magnetic 

pole. 
Disc. (Gr. discos, a round plate of metal). A round surface, as that of 

the moon. 
Disintegration. (Lat. de, separation; integer , the whole). The reso- 
lution of a whole into its parts. 
Dispersion. (Lat. e20,, apart; spargo, to scatter). The act of scattering; 

in optics, the spreading out of homogeneous light. 
Distillation. Separation drop by drop. The process of separating 

one £uid from another, by converting it first into vapour, and then 

recondensing it. 
Diverging. (Lat. de, from; vergo, to turn). The turning aside from 

a given direction or position. 
Ebullition. (Lat. ebullio, to boil). The act of boiling. 
£coNOBac. (Gr. oikos, a house; nomas, a rule). Having practical 

application to the wants or elegancies of life. 
Electricitt. (Gr. electron, amber). A power, general in nature; first 

detected in amber, and hence its name. 
Electrode. (Gr. eUcton, electricity; hodos, a way). The points at 

which the electric current rises or sets*-— the zinc and copper 

elements of the ordinary galvanic pair. 
Elasticity. (Gr. eUwno, to thrust back). The power inherent in 

many bodies of recovering their shape, or volume, when deprived of 

either by violence ; it is familiarly seen in India-rubber. 
Electrolysis. i (Gr. electron, electricity ; hw, to decompose. The process 
Electrolite. ' . of disuniting compounds by means of electricity. The 

substance acted upon is termed the Electrolite. 
Electrometer. (Gr. electron, electricity; metron, a measure). An 

instrument for determining the quantity and quality of electricity 

in any body. 
Electrophorus. (Gr. electron, electricity; phero, to produce). An 

instrument for producing electricity. 
Electroscope. (Gr. etectron, electricity; scopeo, to view). An in- 
strument for detecting and testing free electricity. 
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Elementakt. (Lat. demeatum, an element). Not snaoeptible of re- 
duction . 
Emanation. (Lat. e, out; manoj to flow). That which issues out from 

anj thing; as light from a radiant point 
EifPiRiGAL. (Gr. en, in; penraamaij to make trial). That which is said 

or done as an experiment merely; the expression of an experiment. 
Equator. (Lat. aequusj equal). The plane, in any body, equally 

distant from both its poles, and perpendicular to its polar axis; 

such as the celestial equator in Astronomy, the terrestrial equator 

in Geography, the magnetic equator in Physics, &c. 
Eqdilibriuu. (Lat. aequus, equal; Ubra, a balance). The dynamic 

result of balancing forces. 
Equivalent. (Lat. asquusy equal; vakoy to be worth). Equal in value. 
Ether; (Lat.) the pure air. An exceedingly subtle and elastic fluid, 

supposed to pervade all space. 
Evaporation. (Lat. e, out; vapor vapour). The conversion of a 

liquid into vapour; as the ascent of moisture, from the Earth*s 

surface, into the atmosphere. 
Exhaustion. ' (Lat. exhaurio, to draw out). The removal of a fluid; 

as the removal of air from within the receiver by an air-pmnp. 
Expansion. (Lat. ea^ndOj to open out). The increase in the bulk 

of bodies, due to heat; in Geometry, development into the form of 

series. 
Experiment. (Lat. ea^i>erimenium, a trial). Something done, in order 

to discover an unknown effect; also, less accurately, the repetition 

of such operations. 
ExpERiMENTUM GRUCis. (Lat.) A couclusive experiment, which, like a 

cross or finger post, guides to truth. 
Explosion. (Lat. ex, out; plaudo, to burst). The sudden expansion 

of a fluid, accompanied with sound; as when gunpowder, confined 

in any way, is ignited. 
ExTRAORDiNART. (Lsit extra, out of] ordoj Older). Unusual; in Optics, 

that branch of a doubly refracted ray of light, which lies in a 

plane, making an angle with the plane of ordinary refraction. 
Filter. A strainer for separating the grosser from the more fluid parts 

of bodies ; the operation of separating solid ingredients from liquids. 
Fluidity. (Lat fluo, to flow). That condition of matter in which, as 

in air or water, the particles move freely among each other. 
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Focus. (Lat. focuSy a fire-place). A centre from which rays of light, 
or heat, emanate; or in which they are condensed. 

Formula. (Lat.) A general theorem. 

• 

Friction. (Lat. fricOj to rub). The Tabbing of the surfaces of bodies 

upon each other. 
FRisraES. (Yr.frangej a border). Bright and dark lines bordering an 

image or shadow, and produced by interference of light. 
Fulcrum. (Lat.) A point of support, a prop; as the point about which 

a lever turns. 
Fusion. (Lat. fundor to be melted). The state of reduction, from a 

solid to a fluid state. 
Galvanism. Electricity by contact; so named in honor of Galvani, who 

first detected the manifestation of the power, in the convulsions of 

the Hmbs of a frog. 
Galvanometer. {Qah>anism; metran, a measure). An instrument for 

measuring galvanic electricity. 
Gas. An aeriform fluid: such are Oxygen, Nitrogen, and Carbonic 

acid, the component gases of the atmosph^e. 
Gbnus. (Lat.) A whole race or kind. 
Gravitation. (Lat. prows, heavy.) The force which draws bodies 

towards each other; as the attraction of the sun, which draws the 

planets towards him. 
Gravity. (Lat. gravis, heavy). The tendency of bodies to fall towards 

an attracting centre. 
Gymnotus Electhicus, a fish of the eel tribe, possessing the power of 

giving a strong electric shock. 
Halo. (Gr. ^o/cis, a crown). A luminous circle, appearing occasionally 

round heavenly bodies. 
Heat. The science which treats of the properties, laws, or effects, of 

caloric. 
Heliographic. (Gr. helios, the sun; grapho, to delineate). A term 

sometimes applied to the art of making pictures by the agency of 

light — the synonym of Photographic. 
Helix. (Gr. Miaso, to twist round). The worm of a screw; a spiral. 
Hemisphere. (Gr. hmism^ half; aphairoy a sphere). A half sphere, 

formed by a plane through the centre of the sphere; thus, the two 

portions of the earth cut off by the equatorial plane, are called 

North and South Hemispheres. 
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Heuietio Seal, (the seal of Hermee). Glass or metallic vessels, 
sealed by fusion, of the aperture, are said to be hermetically 
sealed. 

Heterogeneous. (Gr. heteroB^ different; geiua^ kind). Made up of con- 
stituents, differing in nature and properties. 

Homogeneous. (Gr. hotnosy like; geno$f kind). Being the same in 
nature and properties throughout: in Physics, a sphere of uni- 
form density is said to be homogeneous ; if it be not so, it is termed 
heterogeneous. 

Htdiuuucs. (Gr. hudoTy water; atdoSy a pipe). That branch of physics, 
which treats of the mechanical properties of fluids in motion. 

Hydbogen. (Gr. hudory water; gennaOy to produce). The lightest 
known substance, and the base of water. 

Htdbometeb. '(Gr. hudoty water; metrony a measure). An instru- 
ment for measuring the relative densities of liquids. 

Hydrostatics. (Gr. hudory water; stato8y standing). The branch of 
Natural Philosophy which treats of the equilibrium and mechanical 
properties of fluids. 

Hygrometer, Hygrometby. (Gr. hvgraSy moist; metrony a measure). 
An instrument for determining the amount of moisture, present at 
any time, in the atmosphere. The art of determining the amount 
of moisture in the atmosphere, or in gases generally, is called 
Hygrometry. 

Hypothesis. (Gr. hupOy under; Uthemiy to place). A principle taken 
for granted, in order to prove a point. 

iMPmoiNG. (Lat. impingOy to strike against). Coming into contact with ; 
two solid bodies in motion are said to impinge against each other^ 
when they come into collision. 

Incandescent. (Lat iancandeacoy to grow white.) White, or glowing 
with heat. 

Incidence. (Lat. m, upon; cadoy to fall). The direction in which one 
body strikes another, as referred to a perpendicular to the surface 
impinged upon. 

Incidence — ^angle of. Direction of contact of one body with another. 

Increment. (Lat. increseo, to increase). The quantity by which any 
thing is augmented; thus the increase of size of a metallic bar, 
due to heating, is the increment of volume of the bar. 
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Induction. (Lat. m, to; duco, to lead). The process of reasouing which 
ascends from particular to general truths. 

Inebtia. (Lat. inertia, inactivity). The tendency of matter to con- 
tinue in the same state, with respect to rest or motion. 

Inflection. (Lat. m, to; JlectOy to bend). A bending or turning aside 
of any thing from its path. 

Insulation. (Lat. ijisuia, an island). The surrounding of a body by 
non-conducting bodies, so as to preserve it in a given state. 

Iodine. (6r. iauy a violet; eidosj likeness). An elementary substance, 
the vapour of which is of a violet colour; it is much used in pho- 
tography, on account of the sensibility to light imparted by it to 
metallic plates. 

Ibidescent. (Lat. iris, the rainbow). Exhibiting the prismatic colours. 
Like a rainbow. 

Ibis. (Lat. iris, the rainbow). The circle surrounding the pupil of 
the eye; which owes its name to its beauty of form and colour. 

Isochbonous. (Gr. iaosy equal; chronoa, time). Performed in equal times; 
the oscillations of pendulums, describing small arcs, are said to 
be isochronous, they being performed in equal portions of time. 

Lamina. (Lat. lamxna, a thin plate). The thin plates or films, of which 
some bodies, such as mica, are composed. 

Lens. (Lat. lens, a bean). A piece of glass or mineral crystal, so formed 
that rays of light are, by passing through it, made to change their 
course in a determinate manner. 

Levigation. (Lat. Uvia, light; dgoy to bring to). The separation of the 
fine portions of a heavy body, by suspension in water and pouring 
off. 

Letden Jab. A glass vessel, coated within and without with tinfoil ; so 
named because it was first invented at Leyden in Germany. 

Liquefaction. (Lat. liqmfacio, to make liquid). The process of con- 
version of a solid into a liquid, as of ice into water. 

Loadstone. (Swed. Load-star , the Pole-star.) A natural magnet; an 
ore of iron possessing attractive properties, which is named, in con- 
sequence, magnetic iron ore. 

.Luminous. (Lat. lumenj light). Producing or displacing light. 

Maonet. (Magnesia, a town in Asia Minor). A bar of iron possessed 
of the property that, when free, it takes up a position coincident, or 
nearly so, with the meridian. 
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Magnetism. That branch of phjsical science which treats of the con* 

struction and properties of the magnet 
Malleable. (Lat. maUeus^ a hammer). Susceptible of being spread 

out by beating, such are gold, silver, &c. 
MAxnnjM. (Lat. maximuSj greatest). The greatest value attained by 

any given variable. 
Mechanics. (Gr. mechane, a machine). The scfence which treats of the 

nature and laws of the motion, or rest, of bodies. 
Meniscus. (Gr. mene, the moon). A lens, concave on one side and 

convex on the other, like a new Moon, 
Meridian. (Lat. meridkaj the mid-day). A great circle, passing through 

the poles of the earth and a given place. 
MiCBOSGOFE. (Gr. fntkroSy small; soopeOy to view). An instrument for 

rendering small objects visible, and thereby subjecting them to 

examination. 
Mica. (Lat. mico, to shine). A simple mineral of bright silvery lustre, 

a constituent of granite. 
Minimum. (Lat. minmns, least). The least value which a given variable 

attains. 
MiBROR. (Fr. mtrotr, a looking-glass). A polished surface, such that 

images of objects are formed by rays of light reflected from it. 
Molecule. (Lat. dim. from moUsj a mass). A group of atoms. 
MoNAs TsRMO. (Monas, an unit; termiSy a maggot). The most minute 

and simple of microscopic animalcules, shaped like spherical cells, 

and considered by Buffon, the element of organized beings. 
Momentum. (Lat. nuweo, to move). The force of a moving body. 
Moulding; fashioning into any required shape; as in the formation of 

images out of clay. 
Nascent. (Lat. naacor, to be bom). The condition of being produced, 

or pertaining to that condition. 
Nitrogen. (Gr. mtron, nitre; gmnaOy to produce). One of the gases 

constituting the atmosphere, and a constituent of nitre. 
Normal. (Lat. nonna, a rule). According to rule: in Geometry, the 

perpendicular to a curve, or surface. 
Nucleus. (Lat. nucleua, a kernel). The centre of aggregation of a 

body; situated in it as the kernel is, in a nut. 
Opacity. (Lat. opacus, dark). The optical state of a body, through 

which light cannot pass. 
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Optics. (Gr. optomaiy to see). The science which treats of the nature 
And properties of light. 

ORaxNiG. (Gr. organon, an organ). Bodies are said to be organic, when 
they possess the powers necessary for self support and continuation 
of their species. 

Oscillation. (Lat. oscillor, to swing). The motion of a pendulum, or 
motion corresponding thereto. 

Oxygen, (Gr. oams, acid ; gennaoy to produce). An aeriform fluid ; one 
of the component gases of the atmosphere, and of water; also con- 
stituting a considerable portion of the ponderable matter of which 
the earth is made up. 

Pellicle. (Lat. dim. from pellts, a skin). A thin film, forming occa- 
sionally on the surfaces of fluids ; such as is produced by letting a 
drop of oil of turpentine fall into water. 

Pendulum. (Lat. pendeo, to hang). A heavy body, so suspended that 
it may swing backwards and forwards in an assigned curve. 

Penuiibra. (Lat. pene, almost; umhray a shadow). The imperfect 
shadow that surrounds the true one : to it is due the incomplete 
obscuration, which precedes and follows an eclipse of the sun and 
moon. 

Percolate. (Lat. per, through; colo, to strain). To pass through a 
filter. 

Period. (Gr. peri, round; kodos, a way). The interval between the 
recurrence of the same event; as the time between two perihelion 
passages of the same planet. 

Permeate. (Lat. permeo, to pass through). To pass into or through a 
body. 

Phenomenon. (Gr. phaviomai, to appear). An appearance. 

Phosphorus. (Gr. phos, light; phero, to carry). An inflammable, 
elementary substance, which bums with low combustion in the 
atmosphere, emitting light. 

Photographt. (Gr. phos, light; graphOy to write). The art of de- 
lineating or drawing by the agency of the chemical properties of 
Hght. 

Photometer. (Gr.jpAo^, light; me^on, a measure). An instrument for 

comparing the intensities of light. 
Physics. (Gr. phusisy nature). The science which treats of matter, its 

modifications, and the phenomena occurring in and by it. 
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PiLG. (Fr. pile, a heap). A voltaic arrangement in which a number 
of plates of two dissimilar metals are heaped upon each other in 
pairs. 
Piston. (Fr.) A plug, sometimes perforated and provided with a valve, 

the office of which is to exhaust the air from tubes. 
FLumfET. (Lat. plumbwa^ le^). A weight, suspended by a string, 
to determine the vertical; the weight being, in the rudimentary 
form of the instrument, usually of lead. 

Pneumatics. (Gr. pneuma, breath). The branch of Natural Philo- 
sophy which treats of the weight, elasticity, <&c., of gaseous bodies. 

PoLABiSATiQN. The possession of different properties by the opposite 
sides of a ray of light, conferred by refraction through certain 
media, or by reflection at a certain angle. 

PoLAEiTT. (Gr. polos, the pole). The opposition of forces or pro- 
perties; as during electric and magnetic tension, there are two 
points, opposite to each other, possessing equal forces but of different 
properties. 

PoLLYOASTRic. (Gr. polus, many; gasiron, a stomach). A class of 
animalcules, having many stomachs. 

Pores. (Gr. poros, a passage). The interspaces between the consti- 
tuent particles of a body; as those for instance, in water, into 
which particles of salt or sugar are received and disappear. 

PfiOjEGTiLE. (Lat. pro, forward; jado, to throw). Something pro^ 
pelled or thrown forward, as a stone from a sling, a bullet from a 
gun, &c. 

Pump. (Fr. pompe), A machine for raising liquids, from lower to 
higher levels. 

Ptrometer. (Gr. pur, fire; metron, a measure). An instrument for 
determining high degrees of heat, and the expansion of solid bodies 
thereby. 

Kadution. (Lat. radms, a ray). The emission of rays of heat, or 
light, from a centre ; as of light and heat from the sun. 

Rarefaction. (Lat. rarus, rare; facto, to make). Diminution of 
density ; as in the case of air, on being heated. 

Rat. An elementary beam of light, a number of which, united together, 
constitute a pencil. 

Rectification. Preparation and x'efinement by distillation. 
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Reflection. (Lat. re, back; JlectOy to bend). Repulsion from a 

8ur&ce; in Physics, "the angle of reflection is equal to the angle 

of incidence." 
Refaction. (Lat. re, back; franco, to break). The breaking or 

bending aside of a ray of light, towards, or from, a perpendicular 

to the surface at the point of incidence, in passing from one medium 

into another less or more rare, respectiyely. 
Retina. (Lat* retma, a net). The delicate net work covering the 

interior surface of the eye;, and which is formed by expansion of 

the optic nerre. 
Retobt. (Lat. re, back; torqueo, to bend). A vessel with a bent 

neck, used in distillation. 
Rotation. (Lat. rota, a wheel). The act of turning round upon a 

point or line, as a wheel about its axle. 
Salts. Combinations of acids with a metallic or organic base. 
Saturation. (Lat. satur, full). The solution of a body in a fluid, 

till the latter can take up no more of it. 
Scale. (Lat. ecala, a ladder). An instrument accurately divided into 

parts, for measurement of dimension. 
SoLEBOTiG. (Gr. sHeroa, hard). The outer, coating of the posterior 

part of the eye, terminating anteriorly in the cornea, and posteriorly 

in the sheath of the optic nerve. 
Section. (Lat. eeco, to cut). The division of a body by cutting: a 

portion so cut off; thus, the surfaces made by cutting a cone, in 

certain directions, are called the Conic Sections. 
SoLAB. (Lat. 8ol, the stm). Belonging to or having relation to the 

son ; thus, spots in the sun are called '^ solar spots ;" a circle of light 

about the sun, a solar halo. 
SoLimoN. (Lat. eolvo, to loosen). A mixture made up of a solid 

and fluid, in which the former disappears. 
SpEcmo. (Lat. species, a kind; facio, to make). That which pertains 

to an individual, or to all comprised imder the term. 
Spectrum. (Lat.) The appearance of a ray of white light when re- 

fr'acted through a triangular prism. 
Spontaneous. (Fr. epantane, of its own will). That which occurs, 

or is produced, without artificial aid. 
Statics. (Gr. statos, standing). That branch of science which treats 
of bodies at rest. 
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Stebeosoops. (Gr. stenoSf solid; scopeOf to view.) 

Stbatum, pi. 8tr€Ua, (Lat. atemoy to strew). A layer; the different 

coats, composing the earth's crust, are so called. 
Symbol. (Gr. swnbolonj a type). A figure, employed for brevity, to 

represent a name or formula. 
SnoiBTHiCAL. (Gr. suriy together; metron^ a measure). Uniformity of 

measure, or arrangement; the two portions of a circle made by its 

diameter, are symmetrical with reference to that diameter. 
Stmgbbonous. (Gr. wn^ together; chronoSy time). Occurring at, or in 

the same time. 
Stfhon. (Gr. mpJum, a tube). A bent tube, used for transferring 

liquids from one vessel to another. 
Tangential. (Lat. tangoj to touch). The condition of a line or plane 

meeting, but not cutting, a curve or surface. 
TELEaBAFH. (Gr. tde^ at a distance ; grapho, to write). A contrivance 
. for making commimications at a distance; such is the Electric 

Telegraph. 
Telescope. (Gr. telSy at a distance; scopeo, to view). An optical 

instrument, for viewing remote objects. 
Tension. (Lat. tendOy to streteh). The strain to which any thing is 

subject, through pulling, or expansive forces. 
Thermal. (Gr. thermos^ heat). Of or belonging to heat. 
Thebmometeb. (Gr. thermos, heat; metranj a measure). An instru- 
ment for measuring heat. 
ToBPEDO. (Lat.) A name given to a fish of the Bay tribe; possessed 

of the fisusulty of giving an electric shock. 
ToBi&ON Electbometeb. (Lat. torqueo, to tmst; electrometer — see above). 

A contrivance for measuring the tension of electricity ; an index 

being suspended by a fine thread, or fibre, ofieiing little resistance 

to twisting. 
Tbanspabent. (Lat. tranSy through ; pareOy to appear). That may be 

seen through: such are many natural crystals, glass, &c. 
Undulation. (Lat. unda, a wave). Motion like that of a wave ; ver- 
tical and horizontal motion, without progression of matter. 
Uniaxial. (Lat. unus, one ; axis, an axis). Having but one axis ; in 

Optics, crystals, in which light is polarized about one axis only, 

are called uniaxial. 
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Vacuum. (Lat.) An empty space; such as the Torricellian vacuum in 

the barometer tube. 
Valve. (Lat. vcUva, folding doors). A lid, or stop, opening in one 

direction; employed in pumps to prevent the escape of fluids 

back towards their source. 
Velocitt. (Lat. velox, swift). Rate of motion of a body, measured 

by the space which it describes in a given time. 
Vebmifuqe. (Lat. vermiSj a worm; fugOj to put to flight). Any 

thing that repels, or drives away, worms or insects. 
Vernier. A small scale, for effecting minute sub-divisions of larger 

ones; named aflter its inventor. 
Vibration. (Lat. vibro, to wave). Motion backwards and forwards; 

as the motion of the string of a musical instrument. 
Vitreous. (Lat. vitrumy glass). Made of or like glass. The humour 

occupying the principal cavity of the eye, posterior to the crystalline 

lens, is called the Vitreous Humour, because its index of refraction 

corresponds with that of glass. 
Volume. (Lat. vohmen, a roll). The space occupied by, or limited 

by the surfaces of, a body. 
Vortex, pi. Vortices. (Lat.) A whirlpool; rotation of fluids about 

an axis, as seen in the dust raised by a whirlwind. 
Whirl. (Ge. wirbeln, to turn quickly round). To cause a body to 

move rapidly round an axis or centre. 
Zero. (Arab, tsaphara, nothing). The symbol occupying the position 

between the positive and negative, the ascending and descending, 

scales of numbers. 
Zoophytes. (Gr. zoon, an animal; phi/ton^ a plant). A low division 

of the animal kingdom, many of which are rooted tp the ground 

like plants. 
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THE elements" OF DRAWING ; 

In Letters to Beginners, 

By JOHN RUSKIN, M.A., 

Author of ** Modem Painters," " Stones of Venice,*' " Seven Lamps of 

Architecture," &c. 
Croum Spo. With Jttustratiotu drawn by the Author. (^Nearbf ready.) 

II. 

VICTOKIA, AND THE Australian Gold Mines, 

IN 1857. 

By WILLIAM WESTGARTH. 

Post Suo, with Maps. {Shortly,) 

ni. 

THE AUTOBIOGRAPHY OF LUTFULLAH, 

A MAHOMMEDAN GENTLEMAN. 
Editbd by E. B. EASTWICK, Esq. Post Svo. {Nearly ready.) 

IV. 

THE PROFESSOR. By Currer Bell, 

Author of " Jane Eyre," " Shirley," " Villette," &c. In Two Volumes. 

{Just ready.) 

A VISIT TO^SALT LAKE; 

Beinga Journey across the Plains to the Mormon Settlements at Utah. 
By WILLIAM CHANDLESS. Post Svo, with a Map. Price 9s. cloth. 

{Now ready.) 

THE MILITIAMAN AT HOME AND 

ABROAD; 

Being the History of a Militia Regiment. 
With Illustrations, by John Leech. Post Svo. {Just ready.) 

vn. 
FARINA : A Legend of Cologne. 

By GEORGE MEREDITH. 
Author of ** The Shaving of Shagpat." In One Volume. {Nearly ready.) 
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I. 

THE LIFE OF CHARLOTTE BRONTE, 

Author of "Jane Eyre," "Shirlet,'' "Villettb," &c. 

Bt MRS. GASKELL, 

Author of ** Mary Barton," ** Euth," *• North and South." 

Second Edition, Two Volumes, Post Svo, with a Portrait of Miss BrontS and a 
View of Haworih Church and Parsonage, Price 24«. cloth. 

" We regard the record as a monament of courage and endarance, of suffering and triumph. 
. . . . All the secrets of the literary vrorkmanship of the authoreu of '«uuie Eyre' are 
unfolded in the course of this extraordinary narrative." — TimeM. 

** By all this book will be read with interest. . . . Mrs. GaskeU has produced one of the 
heat biographies of a woman by a woman which we can recall to mind." — Athenceum. 

** Thoroughly well and artistically has the work been aocompUshed ; an informing method 
presides over the whole ; every circnntftanoe has a direct bearing on the main object of paint- 
ing, vigorously and accurately, a real picture of the woman as she was.'* — Daily News. 

** The profound pathos, tiie tragic interest of this book, lies in the terrible struggle that life 
was to a woman endowed with Charlotte Bronte's conscientiousness, aflbction for her fiunily, 
and literary ambition, and continually curbed and thrown back by physical wretchedness. Its 
moral is, the unconquerable strength of genius and goodness."— /S^ec^o^or. 

" Mrs. Qaskell's * Life of Charlotte Bronte ' has placed her on a level with the best biogra- 
phers of any country. It is a truthftil and beaudfhl work No one can read it 

without feeling strengthened and purified."-^ GM>e. 

" We can be sincere in our ptaAee of this book : we have been often touched by the tone of 
loving sympathy in which it is written."— ^xomtner. 

" This work cannot fell to be of the deepest interest; and it has a special interest for female 
readers." — Economist. 

** The whole strange and pathetic story of the BrontS femily is (hlthftilly told in Mrs. Gaskell's 
memoir."— Crific. 

ANTIQUITIES OF KERTCH, 

AND RESEARCHES IN THE CIMMERIAN BOSPHORUS. 

By DUNCAN McPHERSON, M.D., op the Madbas Abmt, 
F.R.G.S., M.A.L, Inspector-General of Hospitals, Turkish Contingent. 

Imperial Quarto, with 14 Plates and numerous lUustraHons, including JSighi 
Coloured Fac- Similes of Relics of Antique Art, Price Two Guineas, 

" It is a volume which deserves the carefU attention of every student of classical antiquity. 
No one can foil to be pleased with a volume which has so much to attract the eye and to 
gratify the love of beauty and elegance in design. • « • • The volume is got up witti 
great care and taste, and forms one of the handsomest works that have recently issued flrom 
the Engtiah FT&u.*^'-Saturday Review. 

III. 

THE LIFE AND CORRESPONDENCE OF 
SIR JOHN MALCOLM, G.C.B. 

By JOHN WILLIAM KAYE. 
Two Volumes^ Svo. With Portrait Price 36«. cloth. 

** The biography is replete with interest and information, deserving to be perused by the 
student of Indian history, and sure to recommend itself to the general liader." — Athenceum. 

" Mr. Kaye has used his materials well, and has written an interesting narrative, cofioaaij 
illustrated with valuable documents."— fxamtn^r. 

" One of the most interesting of the recent biographies of our great Indian statesmen.'* — 
National Review. 

** This book deserves to participate in the popularity which it was the jgood f<wtane of Sir 
John Malcolm to enjoy." — Kdinhnrgh Review. 
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LIFE AND SERMo'nS OF DR. JOHN 
TAULER, OF Strasburg (1340). 

Translated from the Grerman, with Notices of Tauler's Life and Times, 
including some Account of the ** Friends of God,** 

Bt Miss SUSANNA WINKWORTH. 

And a Preface bj the Key. CHARLES KINGSLEY. 

SfnaU 4tOy Printed on Tinted Paper, and bound in antique stifle^ with 
red edges, suitable for a Present Price \5s, 

" No difference of opinion can be felt as to the intrinsic valne of these sermons, or the gene- 
ral interest attaching to this ho€lk.**—Athenceum. 

** Miss Winkworth has done a service-not only to chnrch history and to literatore, but to 
those who seek simple and tme-hearted devotional reading, by prodncing a deeply-Interesting 
life of Tanler, and giving as his sermons, tastefolly and vigorously translated."— 6'tNirdlaf». 

" A Ihigment of the best religion of the fourteenth century, most interesting in itself, and so 
presented as to lose none of its interest in the eyes of any reader. The Sermons have been 
selected with a vievr to their practical use, even in the present day.'* — Examiner, 

** This volume has several claims to notice. It is a biography of an eloquent preacher of the 
fourteenth century. It gives a history of the * Friends <n God,' with which he was connected. 
And in the Sermons of Tanler the consideration is forced upon us how fer an active pursuit of 
woridly concerns is compatible with devotion of the heart to Gk>d."— iVeu. 

V. 

SERMONS. By the late Rev. Fred. W. Robertson, 

A.M., Incumbent of Trinity Chapel, Brighton. 

First Series — Tliird Edition^ Post 8vo, price 95. cloth. 

Second Series — Third Edition^ price ds. cloth. 
Third Series — Poet 8i?o, price 95. chih. (Just Ready.) 

'* Mr. Robertson, of Brighton, is a name femiliar to most of us, and honoured by all to whom 
it is fiimiliar. A true servant of Christ, a bold and heui-stirring preacher of the Gospel, his 
teaching was beantifled and intensified by genius. New truth, new light, streamed from each 
well-worn text when he handled it. The present volume is rich in evidence of his pious, manly, 
and soaring fiuth, and of his power not only to point to heaven, but to lead the way."— OU^. 

** These sermons are fhll of thought and beauty. There is not a sermon in the series that 
does not fhrnish evidence of originality without extravagance, of discrimination without tedious - 
ness, and of piety without cant or conventionalism." — British Quarterly. 

** Very beautifhl in feeling and occasionally striking and forcible in conception to a remarkable 
degree."— GfiardMifi. 

** We should be glad if all preaclien mwe united with ourselves preached such sermons as 
these." — Chriitian Remembrancer, 

LIFE IN ANCIENT INDIA. 

By MRS. SPEIR. 

With Sixty Illristrations by G. ScHARF. 8i?o, price 155., 

elegantly hound in cloth, gilt edges. 

'* Whoever desires to have the best, the completest, and the most popular view of wha 
Oriental scholars have made known to us respecting Ancient India must peruse the work o 
Mrs. Spelr ; in which he will find the story told in clear, correct, and unaffected English. The 
book is admirably got np.^'—Examiner. 

** We should in vain seek for any other treatise which, in so short a space, gives so well-con- 
nected an account of the early period of Indian liistory.'* — Daily News. 
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Tn. 

ANNALS OF BRITISH LEGISLATION, 

A Classified Summary of Parliam£ntary Papers. 
EDITED BY PROFESSOR LEONE LEVI. 

The Yearly Issue will consist of 1000 pages super royal 8yo, the subscription 
for which is Two Guineas, payable in advance. The successive parts 
will be delivered post free, and to subscribers only. 

Jlie Thibteenth Fabt isjtut issued. 

" A series that, if it be ahrays managed as it is now by Professor Leri, will last as long as 
there remains a legislature in Great BritsAn."— Examiner. 

** It wonld not be easy to oyer-estimate the utility of Professor Leri's serial. It has the merit 
of being an excellent idea zealously carried out/' — Athemgum. 

" We cannot imagine a more truly valuable and nationally important work than this. It is 
impossible to over-estimate its usefalness." — Civil Service Oazette. 

** Such a work is much needed.**— .Sconomi*/. 

vm. 

A EESIDENCE IN TASMANIA. 

By captain H. BUTLER STONEY. 
Demy 8i?o, with Plates^ Cuts, and a Map, price 145. cloth, 

" A plain and clear account of the colonies in Van Diemen's Land, which besides being very 
agreeable reading may be confidently consulted on all matters connected with their material 
resources, actual position, and social industrial aspects.*' — Athenceum. 

** A perfect guide-book to Van Diemen's Land, describing simply and fkithftilly the country, 
the plants, animals, and people in it.** — Examiner. ^ 

SIGHT-SEEING IN GERMANY AND THE 
TYROL, in THE Autumn of 1855. 

Bt sir JOHN FORBES, Author of " A Physician's Holiday," &c. 
Post SvOf with Map and View, price lOs. 6rf., cloth. 

" The ground is described clearly, the things that appeared most worth seeing to a sensible, 
observant tourist, are set down, together with the natural impressions they produced, and the 
result is a work more agreeable in every way than many a book of travel."— JSinimtfMr. 

THE TREATMENTOF THE INSANE, 
Without Mechanical Restraints. 

By JOHN GONOLLY, M.D. 
Demy Svo, price 145. cloth. 

" There is not a page which will not be perused with interest, even by a non-professional 
reader." — Morning Pott. 

A HANDBOOK ""'"of AVERAGE, 

FOR THE USE OF MERCHANTS, SHIPOWNERS, &c., . 

WITH A CHAPTER ON ARBITRATION. 

By MANLEY HOPKINS, 
8i?o, price 125. 6c?., cloth. 
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xn. 

THE POLITICAL LIFE OP SIR R. PEEL. 

By THOMAS DOUBLEDAY, 
Author of the «« Financial History of England," ** The True Law of 

Population," &c. 

Two Volumes f Svoy price 300, cloth. 

** Let all readers, before they take in hand the personal memoirs of Sir Robert Peel, penue 
these TOlnmes of Mr. Donbleday: in them the statesman's character and pnblic acts are 
analysed in the spirit neither of a detractor nor of a panegyrist. This btognqiiiT is a work of 
great merit, consdentioasly prepared, plahi, clear, and practicaUy interesting.**— Xeoder. 

xni. 
THE EUROPEAN REVOLUTIONS OF 1848. 

By EDWARD CAYLEY. 
TtJDO Volumesy Crown 8t?o, price 18«. cloth. 

" Mr. Cayley has prodoced a book which is in many respects good, which might have been 
better, bat which, so tu from baring been yet superseded, has not at present even a competitor. 
As fur as oar examination has gone, we have found it generally accurate ; and independently of 
its accuracy it is valaable for two qualities — ^the sturdy common sense and pleafM^ni homoor of 
the author. It is also in the main practical and sound.*' — Time*» 

SIGNS OF THE TIMES: or, The Dangers 

TO Religious Liberty in the Present Day. 

By thb CHEVALIER BUNSEN. 

Translatep by Miss Susanna Winkworth. 
One Volume, Svo^ price 168. cloth. 

" An investigation of the religions principles at work in the Christian world j tracing* as fax 
as modem politics extend, the action of priesthood, associations, and secular decrees enforcing 
spiritual dogmas. It is the most remarkable work that has appeared in modern times from 
the pen of a statesman."— ZecKfer. 

XV. 

THE HISTORY," TOPOGKAPHY, AND AN- 
TIQUITIES OF THE ISLE OF WIGHT. 

By DAVENPORT ADAMS. 

Quarto. 25 Steel Plates, cloth^ gilt edges. Price 2L 2s. 

XVI 

STORIES AND SKETCHES. 

By JAMES PAYN. 
Post 8t?o, price %s. 6rf. cloth. 

" A TOlume of pleasant reading.*' — ZUerary Gazette. 

** Mr. Payn is gay, spirited, obseryant; and shows qo )lttle kuowledgp of men and books."— 
Leader. 
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ROUND THE t^ I R E : 

FOB Young Readers. 

By the Author of "The Day op a Baby Boy." 
Square 16mo. With Frontispiece. Price Ss. cloth. 

" These stories are supposed to be told by six little girls. The language is child-like and 
winning, and ms^es us feel that we are reading true children's stories." — Athenanim. 
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NOTES ON THE TURNER COLLECTION 

At Maslbobough Housb^ Pall Mall. 

By JOHN RUSKIN, M.A- 
Fofwrth JEdition^ Bevisedj wiOi Preface^ 890, price One ShUUng, 

MODERN PAINTERS, Vol. IV. 

ON MOUNTAIN BEAUTY. 

By JOHN RUSKIN, M.A. 

Imperial 8t?o, with Thirty-Jive lUustrationa engraved on Steel, 

and 116 WoodcutSy drawn by the Author y price 21. \0s. cloth, 

" Considered as an iUustrated yolume, tiiis is the most remarkable which Kr. Rnskin has 
yet iasoed. The plates and woodcuts are proAise, and Inclade nomerons drawings of mountain 
form by the author, which prove Mr. Ruskin to be essentially an artist. Keen sight, keen 
feeling, and keen power of expression are the qualities which go to the making of an artist, and 
all these Mr. Ruskin possesses. He adds to them a peculiarly subtle turn for theory, investiga^ 
tion and exposition. This combination makes him an unique man, both among artists and 
writers.** — SpeetcUor. 

** The present yoliime of Mr. Buskin's elaborate work treats chiefly of mountain scenery, and 
discusses at length the principles inyolyed in the pleasure we deriye finom mountains and their 
pictorial representation. The author is more philosophioU and less critical than before. 
Mr. Ruskin occupies a peculiar position as a writer. He compels his most yehement 
adyersaries to admire eyen while they dissent. The sii^^i^ beauty of his style, the hearty 
sympathy with all forms of natural loyeliness, the profusion of his illustrations, and aboye all 
the earnest denunciation of cant, form irresistible attractions. Tou may quarrel with the critic, 
but you cannot ikil to admire the writer and respect tiie man. High thoughts, clothed in elo- 
quent language, are the characteristics of Mr. Ru8kin*s productions. • »••••• 
The present yolimie contains the most connected exposition of the author's theory which he has 
yet giyen to the world." — Daily New*. 

** All art is one, and Mr. Ruskin writes of painting with the eyer present consciousness of 
poetry, sculpture and architecture, as equally implied. This it is which gives the wide and per- 
manent charm to his writings. Interesting as they are to pidnters,they ahnost equally fascinate 
the general public, because in them may be read rare oriticiams of natural appearances and of 
artistic representations. * * * We must all feel subdued by his eloquence, enlightened by 
his novel views, stimulated by his thoughts, instructed by his accurate observations of nature. 
Such a writer is really a national possession. He adds to our store <rf knowledge and eqjoy- 
ment*'— .£«a4l0r. 

in. 
MODERN PAINTERS, Vol. III. 

OF MANY THINGS. 

With Eighteen lUvstrations drawn by the Author^ and 
engraved on Steely price 38^. chih. 

" This book may be taken up with equal pleasure whether the reader be acquainted or not 
with the previous volumes, and no special artistic culture is necessary in order to enjoy its 
excellences or profit by its suggestions. Every one who cares about nature, or poetry, or the 
story of human development— every one who has a tinge of literature or philosophy, will find 
something that is fat him hi tiiis volume."— TTeftrntiu^er fieview. 

**Mr. RusUn*s third volume of * Modem Painters' will be hailed with interest and curiosity. 
If not with submissive attention, by the Art-world of England. • * * Mr. Ruskin is in 
possession of a clear and penetrating mind ; he is undeniably practical in his fundamental ideas ; 
fliU of the deepest reverence for all that appears to him beautifhl and holy, and, though owning 
to very strong preferences, founding those preferences on reason. • * * His style is, as 
usual, clear, bold, and racy. Mr. Ruskin is one of the first writers of the dAy.**— Economist. 

" The present volume, viewed as a literary achievement, is the highest and most striking 
evidence of the author's abilities that has yet been published. It shows the maturity of his 
powers of thought,^and the perlisction of his grace of style."~Ztfa<ler. 

" All, it is to be hoped, will read the book for themselves. They will find it well worth a 
careflil perusal. This third volume fully realizes the expectations we had formed of it"<» 
Saturday Review. 
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MODERN PAINTERS. 

Imperial 800. Vol, L Fifth Ediiion, ISs. cloOi, 

Vol IL Fourth JSdUion, lOs. 6d. doth. 

" Mr. RosktQ's work will send the painter more than ever to the stody of nature i wUl ixain 
men -who have always been delighted spectators of nature, to be also attentive observers. Our 
critics will learn to admire, and mere admirers will learn how to criticise : thus a public will be 
educated." — Blaekteood's Mctgcuine. 

** A generous and impassioned review of the works of living painters. A hearty and earnest 
work, ftQl of deep thought, and develoj^g great and striking truths in txi.**—BrUiah Quarterly 
Review. 

**A very extraordinary and delightful book, ftill of truth and goodness, of power and 
beauty."— AorM British Review, 

THE STONESOF VENICE. 

Now complete in Three Volumes, Imperial Svo, with Fifty-three Plates ami 

numerous Woodcuts, drawn by the Author. 
Price 51. 158. 6d.<, in embossed cloth, with top edge gilt. 

EACH VOLUME MAY BE HAD SEPARATELY, VIZ.— 
Voii. I* The Foundations, with 21 Plates, price 21. 2s. 
Yoii. II. The Sea Stories, ujith 20 Plates, price 21. 2s. 
Vol. in. The Fajll, with 12 Plates, price ll. lis. 6d. 

" This book is one which, perhajis, no other man could have written, and one for which the 
world ought to be and will be thankful. It Is in the highest degree eloquent, acute, stkt^ulating 
to thought, and fertile in suggestion. It shows a power of practical criticism which, when fixed 
on a definite ot(}ect, nothing absurd or evil can withstand ; and a power of appreciation which 
has restored treasures of beauty to mankind. It wOl, we are convinced, elevate taste and 
intellect, raise the tone of moral feeling, kindle benevolence towards men, and increase the love 
and fear of Qod."—7Hmes. 

" The * Stones of Venice* is the production of an earnest, religious, progressive, and informed 
mind; The author of this essay on architecture has condensed into it a poetic apprehension, the 
flruit of awe of God, and delight in nature ; a knowledge, love, and Just estimate of art ; a 
holding fast to teuct and repudiation of hearsay ; an historic breadth, and a fearless challenge of 
existing social problems, whose union we know not where to find paralleled." — Spectator. 

" No one who has visited Venice can read this book without having a richer glow thrown 
over his remembrances of that city , and for those who have not, Mr. Rnskin paints it with a 
firmness of outline and vividness of colouring tiiat will bring it before the imagination with 
the force of reality." — Literary Gazette. 

** This work shovrs that Mr. Ruskin's powers of composition and criticism were never in 
greater force. His eloquence is as rich, his enthusiasm as hearty, his symiMithy for all that is 
high and noble in art as keen as ever. The book, like all he writes, is manly and high-minded, 
and, as usual, keeps the attention alive to the last." — Guardian. 

THE SEVEN LAMPS OF ARCHITECTURE. 

Second EdiUoJi, with Fourteen Plates draum by the Author, 

Imperial 890, ll. Is. cloth. 

" By the * Seven Lamps of Architecture,' we understand Mr. Ruskin to mean the seven 
fundamental and cardinal laws, the observance of and obedience to which are indi8X)ensable to 
the architect, who would deserve the name. The politician, the moralist, the divine, will find 
in it ample store of instructive matter, as well as the artist. The author of this work belongs 
to a class of thinkers of whom we have too few among us." — Examiner. 

*f Mr. Ruskin's book bears so unmistakeably the marks of keen and accurate observation, of 
a true and subtie judgment and refined sense of beauty, Joined with so much earnestness, so 
noble a sense of the purjMses and business of art, and such a command of rich and glowing 
language, that it cannot but tell powerfully in producing a more religious view of the uses of 
architecture, and a deeper insight into its artistic principles." — Guardian. 

" A lively, poetical, and thoughtftil book ; rich in refined criticism and glowing eloquence. 
Mr. Ruskin's poetry is always to the purpose of his doctrines, and always the vehicle (^ acute 
thought and profound feeling." — Fraxer'e Magazine. 
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vn. 
LECTURES ON ARCHITECTURE AND PAINTINa 

With, Fourteen Cuts dravm by the Author. Second Edition. 
Crown 800, price 8«. ^d. cloth. 

" Mr. Rnskln'B Lectares— eloquent, graphic, and impassioned— exposing and ridicaUng some 
of the vices fk onr present system of bailding, and exciting his hearers by strong motives of 
duty and pleasure to attend to architecture — ^are very successful ; and, like his fbrmer works, 
will command public attention. His style is terse, vigorous, and sparkling, and hia book is both 
animated and attractive." — EeonomM. 

** We conceive it to be impossible that any intelligent persons could Usten to the lectures, 
however they might dtlfer fh>m the Judgments asserted, and finom the general propositions laid 
down, without an elevating influence and an aroused enthusiasm, which are often more flruitftil 
in producing true taste and correct views of art than the soundest historical generalizations 
and the most learned tedmical criticism in which the heart and the senses own no interest."— 
8pect<Uor, 

vin. 
NOTES ON THE PRINCIPAL PICTURES EXHIBITED 
AT THE ROYAL ACADEMY, and the SOCIETY OF 
PAINTERS IN WATER COLOURS. No. IL— 1856. 

Sixth Edition^ with Postscript. 8im7, price 6d. 

PRE-RAPHAELITISM. 

Svo, 2s. sewed. 

** We wish that this pamphlet might be largely read by our art-patrons, and studied by onr 
art-critics. There is much to be collected i^m it which is very important to remember." — 
Ouardian. 

X. 

THE OPENING OF THE CRYSTAL PALACE 1 

Considered in some of its relations to the Prospects of Art. 

800, price 1«., sewed. 

" An earnest and eloquent appeal for the preservation of the ancient monumenta Of Gothic 
architecture." — English Churchman. 
** A wholesome and much needed pioiest."— Leader. 

XI. 

THE KING OF THE GOLDEN RIVER; 

OR, THE BLaCK brothers. 

Third Edition^ with 22 Illustrations by Richabd Dotle. 2s. 6d. 

" This little flalry tale is by a master hand. The story has a charming moral, and the writing 
is so excellent, that it would be hard to say which it will give most pleasure to, the very wise 
man or the very simple child." — Examiner. 

XII. 

EXAMPLES OF THE ARCHITECTURE OF VENICE, 

SELECTED AND DRAWN TO MEASUREMENT FROM THE EDIFICES. 

In Parts of Folio Imperial size, each containing Five Plates^ and a short 

Explanatory Text, price II. Is. each. 

PAKTS L TO m. ARE PUBLISHED. 
Fifty India Proofs only are taken on Atlas Folio, price 21. 2s. each Part. 



RIFLE PRACTICE. 

By LIBUTEKAKT-COLONBL JOHN JACOB, C.B. 

With Plates. Third Edition^ revised and enlarged^ price 2s. 
" Colonel Jacob's invention most reyotntionlze the whole art of war. We commend Colonel 
Jacob's pamphlet to the attentive perusal of erery military man and every sincere lorer of hli 
conntry.**— ^om&ajf Quarterly Review 

PAPERS OF THE LATE LORD METCALFE. 

Selected and Edited by J. W. EAY£. Demy Svo, price I6s. cloth. 

** We commend this yolnme to all persons who like to study state papers, in which the practical 
sense of a man of the world is Joined to the specoIatiTe sagacity of a philosophical stateunan. 
No Indian library should be without it."—- iVe**. 

TWO SUMMER CRUISES WITH THE BALTIC 
FLEET IN 1854-5; Being the LOG or the " PET." 

By R. E. hughes, M.A. 

Second Edition, Post Bvo, with Views and Charts. 10s. Sd.^ do^. 

" There are few readers to whom this TOlume will not be welcome. It is light and pleasant 
reading, and conveys not a little valuable information. Few unprolfessional men are so capable 
of forming a judgment on naval tactics as Mr. Hughes appears to l»,**—JSconomiit, 

THE COURT OF HENRY VIII.: 
Being a Selection of the Despatches of Sebastian Giusthoan, 

Venetian Ambassador, 1515-1519. 

Translated by RAWDON BROWN. Two Vols., crown 8w, price 21*. elo(h. 

** These volumes present such a portrait of the times as is nowhere else to be found. They 
are a most important contribution to jXta materials for history."— Quarter^ Review. 

A CAMPAIGN WITH THE TURKS IN ASIA. 

Bx CHARLES DUNCAN. Two Vols., post Svo, price 21«. clM. 

THE RED RIVER SETTLEMENT. 

By ALEXANDER ROSS, Author of " Fur-Hunters of the Far West." 
One Volume, post Svo, price lOs. 6d. ch0i. 

THE FUR-HUNTERS OF THE FAR WEST. 

By ALEXANDER ROSS. 
2^170 Volumes, post Svo. With Map and Plate. 21s. cloth. 

RUSSO-TURKISH CAMPAIGNS OF 1828-9. 

By colonel CHESNEY, R.A., D.C.L., F.R.S. 
Third Edition. Post Svo, with Maps, price 12s. cloth, 

MILITARY FORCES AND INSTITUTIONS 

OF GREAT BRITAIN. 
Bt H. BYERLEY THOMSON, of the Inner Temple. Svo, 15«. cfott. 

A MANUAL OF THE MERCANTILE LAW 

OF GREAT BRITAIN AND IRELAND. 

Bt professor LEONE LEVI, 

Author of " Commercial Law of the World." 800, price 12t. cloth, 

THE LAWS OF WAR AFFECTING 

COMMERCE AND SHIPPING. 

Bt H. BYERLEY THOMSON, of the Inner Temple. Second Edition, 
greatly enlarged. 800, price 4*. 6d. boards. 



10 



Works Published by 



LECTURES ON the ENGLISH HUMOURISTS 

OF THE 18th CENTURY. 

By W. M. THACKERAY, 

Author of " Vanity Fair," ** The Newcomet," &c. 

Second Edition. Grown 8t?o, price 10«. Qd, cloth. 

" To those who attetfOed the lectures, the book will be a pleasant remfaiisoence, to others an 
e^dting noyelty. The style— clear, idiomatic, forcible, familiar, bat never sloyenly; the 
searching strokes of sarcasm or tat>ny ; the occasional flashes of generoos scorn ; the touches of 
]Mitho8,dty,and tenderness; the morality tempered but never weakened by experience and 
sympathy; the felidtoos phrases, the striking anecdotes, the passages of wise, practical reflec- 
tion ; all ttiese lose much less than we could have expected irom the absence of the voice* 
manner, and look of the lectorer."— jfi^peefo/or. 

ESMOND. By W. M. Thackeray. 
Second Edition^ 3 voU^y Crovon Svo^ reduced to 15^. cloth. 

** Mr. Thackeray has selected for his hero a very noble type of the cavalier softening into the 
man of the eighteenth century, and for his heroine one of the sweetest women that ever 
breathed flrom canvas or flrom book, since Raffaelle painted and Shakapeare wrote. The style 
is manly, clear, terse, and vigoroua, reflecting every mood— pathetic, graphic, or sarcastic— of the 
writer."— /Sj>«:<a<or. 

THE ROSE AND THE RING; or, the History of 
Prince Giglio and Prince Bulbo. 

By Mr. M. A. TITMAKSH. 
With 58 Cuts drawn by the Author. Srd Edition^ price 58. 



"Urdjom Mtm of th Moi[K8 of dfumr S^Il 

VILLETTE. By Currer Bell. 
New Edition, in One Volume, Crown 8t?o, 6«. clotK 

'* This novel amply sustahis the fune of the author of ' Jane Eyre' and ' Shirley' as an original 
and powerftil wTitier.**^-£xaminer, 

SHIRLEY By jCurrer Bell. 
Crown Svo, 68. cloth. 

** The peculiar power which was so greatly admired In * Jane Eyre* Is not absent from this 
book. It possesses deep interest, and an irresistible grasp of reali^. There are scenes which, 
for strength and delicacy of emotion, are not transcended in the range of English flctiou.'* — 
Examiner. 

JANE EYRE. By Currer Bell. 
Editio7i. Crown Svo. 68. cloth. 



Fifth 



M ( 



'Jane Eyre* is a remarkable production. Freshness and originality, truth and passion, 
singular felicity in the description of natural scenery, and in the analysation of human thought, 
enable this tale to stand boldly out from the mass, and to assume its own place in the br^ht 
field of romantic literature."— 7VfR<«. 

WUTHERING HEIGHTS and AGNES GREY. 

Bt ELLIS AKD ACTON BELL. 
With a Biographical Notice of both Authors, by Cubbbr Bell. 

Crown 8po, 6«. chth. 
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Jim Jl0tfl|l». 



BELOW THE SURFACE : a Stoby of English Countky 

Life. 3 vols. {Now ready.) 

II. 
THE ROUA PASS : or. Englishmen in the Highlands. 

By Ebick Mackenzie. 3 vols. 

" The attractioiM of the story are nnmerons and raried. It is a success whether regarded 
as a brilUaot social picture of stirring scenes and striking adyentores, or as a sketch of the 
deeper and higher sentiments which relate to the world of thought.*'— iSftui. 

"Although there is no direct resemblance in the * Roua Pass' to the 'BnmtS Novels/ it 
has this jfeatnre in common with them : the book appears to be the result of a close ezamina' 
tion of life and scenery." — Spectator. 

"The romance is ingenious and interesting, and the story never flags. It is beautifully 
written ; and the pictures of the Highlands are most graphic."— Crt<ic. 

III. 

THE EVE OF ST. MARK: a Romance of Venice. 

By Thomas Doubleday. 2 vols. 

** The * Eve of St. Mark' is not only well written, but adroitly constructed, and interesting.*' 
•^-Athenaeum. 

" The * Eve of St. Mark ' is an interesting story, vividly colour^, and dramatic in its constrac« 
tion. The book is really a romance— a diorama of antique Venetian life." — Leader. 

" Mr. Donbleday's story is modelled after an old pattern, but it is fireshly written, and'will be 
popular. We can cordially recommend it as a well-told, dramatically constructed tale."— CWt»e. 

IV. 

FRIENDS OF BOHEMIA ; ob, Phases of London Life. 

By E. M. Whitty, 
Author of " The Governing Classes." 2 vols., post 8vo. 

'* Mr. Whitty is a genuine satirist, employing satire for a genuine purpose. You laugh with 
him very much ; but the laughter is Amity and ripe in thought. His s^le is serious, and his 
cast of mind severe. The author has a merriment akin to that of Jacques and that of Timon. 
He works with a desire to influence rather than with a wish to amuse."— uKAenepum. 

OLIVER CROMWELL : a Story of the Civil Wars. 
Bv Charles Edward Stewart. 2 vols. 

** This noTel willattract the reader by the exciting eyents it chronicles, and the moderation 
and shnplicity with which it is written."— iSfun. 

" * Oliver Cromwell ' is a pure historical romance, and we must do Mr. Stewart the Justice 
to say that his mue en ectne is perfisct." — Critic. 

FLORENCE TEMPLAR. 1vol. 

** * Florence Templar' is a tale of love, pride, and passion. There is no little power shown in 
the manner of presenting the high-minded Florence. The story as a^ whole is very good."— 
Examiner. 

** Oraceftil and very interesting, with considerable artistio skin."— JViiMofiaJ Review. 

** A good story of English life, interesting in ito details, and told with liveliness and spirit.**— 
Literary Gazette. 

vn. 

KATHIE BRANDE: The Fireside History of a Quiet Life. 

By Holme Lee. 

Author of " Gilbert Massenger," ** Thoraey Hall," &c. 2 vols. 

" The story of * Kathie Brande ' is intended to set forth the beauty of self-sacriflce."— 
Athenceum. 

** A story of great interest, and foil of beauties. The sketches of character are powerfU, and 
the incidents are graphic." — Daily Nevos, 

** The story of a life's silent martyrdom rewarded with a crown of happhiess at last."— Ziforaf^ 
Gazette. 

" * Kathie Brande' has a claim on the regard of all who appreciate the excellent in fiction." — Sun. 

**The quiet elevation of tone which pervades this book gives it a stamp of superiority."— 
Economist. 



12 



Works Published by 



S^qnt "^mW 



TENDER AND TRUE. 

By the Author of "^ Clara Morison." 2 yoIs. 

YOUNG SINGLETON. By Talbot Gwynnb, 

Author of *' The School for Fathers," &c. 2 yols. 

m. 

ERLESMERE: or^ Contrasts of Chabacteb« 

By L, S. Lavbnu. 2 vols. 

PERVe'rSION; 

Or, The Causes and Consequences of Infidelity. 

A TaUfor the Times, In 3 vols. Second Edition, 

BEYMINSTRE. 

By the Author of "Lena," "King'g Cope," &c. ~8 voU. 

AFTER DARK. By Wilkie Collins, 

Author of " Basil," " Hide and Seek," &c. 2 yols. 

vu. 

AMBERHILL. By A. J. Babrowcliffe. 2 vols. 

VIII. 

LEONORA. By the Hon. Mrs. Mabekly. 3 vols, 

E V E L E E N. By E. L. A. Berwick. 3 vols. 

MAURICE ELVING^ON: An Autobiography. 

Edited by Wilfrid East. 3 vols. 



In the Press. 

L 

RIVERSTON. By Georgiana M. Craik. 3 vols. 

n. (Just ready,) 

LUCIAN PLAYFAIR. By Thomas Mackern. 3 vols. 

in. (Nearly ready.) 

THE MOORS AND THE FENS. By F. G. Trafford. 

3 vols. 

IV. 

GASTON BLIGH. By L. S. Lavenu, 

Author of "Erlesmere." 2 vols. 
V. 

THE NOBLE TRAYTOUR. A Chronicle. 3 vols. 

VL 

THE THREE CHANCES. 

By the Author of **Th« Fair Carew." 3 vols. 






©rental 



THE CHINESE AND THEIR REBELLIONS, 

WITH AN ESSAY ON CIVILIZATION. 

Bt THOMAS TAYLOR MEADOWS. 
One Thick Volwmey %vOy wUh Maps^ price 18«. cloth. 

** Mr. Meadows appears to knoir China more thoroughly and oompreheafliyely than any of 
its ptedeoessors. His book is the work of a learned, conscientions, and olraenrant person, and 
reaHy important in many respects. It is the most coriona book we hare metwith for a long 
time.**— TVniet. 

** In this book is a Tast amonnt of Taloslile inlbrmatlon respecting China, and the sta ements it 
contains bear on them the fiuse of truth. Mr. Meadows lias produced a work whtoh deserves to 
-be studied by all who would gain a true appredatkm of Chinese charaoter. Information is sown 
broad-cast through every page." — Athetueum. 

** This instructive rolnme conveys with deamess and accuracy the true character of the 
■od^ and political institutions of China, and the customs and manners of the Chinese : it affords 
a complete compendium of ttie Chinese Empire. The whole of the poUti(»l geognphy and 
administrative machineiT' of the empire is described, and the theory and practical working of 
the Chinese aristocracy. — Observer. 

** Mr. Meadows' work is very important ; it is ftill of curious and interesting matter, and of 
very ingenious and careftil thought." — Baturdap Review. 

THE CAUYERY, KISTNAH, AND GODAVERY: 

Being a Report on the Works constructed on those Rivers for 

the Irrigation of Provinces in the Presidency of Madras. 

By R. BAIRD SMITH, F.G.S., Lt.-CoL Bengal Engineers, &c., &c. 

In demy SvOf with 19 Plans, price 28«. clotJu 

" A most curtouB and interesting -work.**— Economist. 

THE BHILSA TOPES; or, Buddhist Monuments of 

Centkal India. 

- By major CUNNINGHAM. 
One Volume, Svo, with Thirty-three Plates, price SOs. clothe 

** Of the Topes opened in various parts of India none have yielded so rich a harvest of im- 
portant information as those of Bhilsa, opened by Major Cunningliam and Lieut. Maisey ; and 
wliich are described, with an abundance Of higlily curious graphic illustrations, in tfais most 
interesthig 'book."— Examiner. 

TRAVELS AND ADVENTURES IN ASSAM. 

By major JOHN BUTLER. 
One Volum^e Svo, with Plates, price \2s. cloth. 

" This volume is unusually snccessfhl in creating an interest on an Eastern subject. It is 
iUnstrated by views of landscapes, figures and antiquities." — Press. 

** Fourteen years' residence among the half-civilized natives have given the author— whose 
powers of observation, penefaration, and analysis are of no ordinary kind— An^>le opportunities 
of studying the character of the Hill tribes of Assam." — Britannia. 

THE ENGLISH IN WESTERN INDIA; 
Being the Early History of the Factory at Surat, of Bombay. 

By PHILIP ANDERSON, A.M. 

Second Edition, Svo, price 145. cloth. 

"Quaint, curious, and amusing, this volume describes, from old manuscripts and obscure 
books, the life of English merchants in an Indian Factory. It contains fresh and amusing 
gossip, all bearing on events and characters of historical importance."— ii<A«fMnim. 

" A book of permanent value." — Guardian. 
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DR ROTLE ON THE FIBROUS PLANTS OF INDIA 
FITTED FOR CORDAGE, CLOTHING, AND 
PAPER. 8tx>, prke \2a. cloth. 

DR. ROYLE ON THE CULTURE AND COMMERCE 
OF COTTON IN INDIA. 8co, 18«. cfo<A. 

DR WILSON ON INFANTICIDE IN WESTERN 
INDIA. Demy %vo, price 12<. 

JOURNAL OF THE SUTLEJ CAMPAIGN. 
By Jaues Colet, M.A. Royal %vo, price Ss, cloth, 

CRAWFURD'S GRAMMAR AND DICTIONARY 
OF THE MALAY LANGUAGE. 2 vols. 8vo, price 
36s. cloth. 

ROBERTS'S INDIAN EXCHANGE TABLES. 

8vo. Second EdOion, enlarged, price 10«. 6d. cloth. 

WARING ON ABSCESS IN THE LIVER 8w, 
price 3«. 6d. 

LAURIE'S PEGU . Po8t 8vo, price 14«. cloth. 

BOYD'S TURKISH INTERPRETER! 
A Grammar of THE TuBKiSH Lamouaoe. 8vo, price 12«. 

BRIDGNELL'S INDIAN COMMERCIAL TABLES. 

Royal 8vo, price 2 1»., half-bound. 

THE BOMBAY QUARTERLY REVIEW. 

Nos. 1 to 8, price 58. each. 

BAILLIE^S LAND TAX OF INDIA. 

According to the Moohummudan Law, Svo, price 6«. cloth, 

BAILLIE'S MOOHUMMUDAN LAW OF SALE. 

SvOy price 145. cloth, 

IRVINGS THEORY AND PRACTICE OF CASTE. 

8t?o, price 58, cloth, 

GINGELL'S CEREMONIAL USAGES OF THE 
CHINESE. Imperial 8vo, price ds, cloth. 

THE INSURRECTION IN CHINA. By Dr. Ytan and 
M. Callebt. Translated by John Oxenford. TTiird 
Edition, Post Svo, with Chinese Map and Portrait^ price 
7s. 6d, cloth. 

KESSON^S CROSS AND THE DRAGON; or, Thb 
Fortunes of Christianity in China. Post Svo, 6s. cloth. 
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ELEMENTARY WORKS ON SOCIAL ECONOMY. 

Uniform in foolscap 8w, half -hound, 
I.— OUTLINES OF SOCIAL ECONOMY. 1«. 6rf. 
II.— PROGRESSIVE LESSONS IN SOCIAL SCIENCE. U. 6i 
m.— INTRODUCTION TO THE SOCIAL SCIENCES. 2«. 
IV.— QUESTIONS AND ANSWERS on the Abbauokmbnts ahd 

Relations of Social Life. 28, 6d, 
v.— OUTLINES OF THE UNDERSTANDING. 2». 
VL— WHAT AM I ? WHERE AM I ? WHAT OUGHT I TO DO ? 

SWAINSON'S LECTURES ON NEW ZEALAND. 

Crown Svo, price 28, 6d, cloth, 

SWAINSON'S ACCOUNT OF AUCKLAND. 

Post Svo, with a view^ price %s, chih, 

PLAYFORD'S HINTS FOR INVESTING MONEY. 

Second Edition, post 800, price 28, Qd, cloth. 

SIR JOHN FORBES' MEMORANDUMS IN IRELAND. 

Two Vols,, post Spo, price II, Is, cloth, 

LEIGH HUNT'S MEN, WOMEN, AND BOOKS. 

TtBO Vols., price 10«. cloth. 

TABLE TALK. 3«. 6d, cloth. 

WIT AND HUMOUR. 5s. cloOi. 

'■ IMAGINATION AND FANCY. 5s. cl 

JAR OF HONEY. 5s. cloth. 

SIR JOHN HERSCHEL'S ASTRONOMICAL OBSER- 
VATIONS MADE at the CAPE of GOOD HOPE. 

4to, with plates, price 4Z. As, cloth, 

DARWIN'S GEOLOGICAL OBSERVATIONS on 

Coral Reefs, Volcanic Islands, and on South America. 

with maps, plates, and woodcuts, lOs. 6d, cloth, 

LEVI'S COMMERCIAL LAW OF THE WORLD. 

2 Vols., royal 4to, price 61, cloth. 

JUVENILE DELINQUENCY. By M. Hill and 

0. F. CORNWALLIS. Post 8vo, price 6s. cloth. 

DOUBLEDAY'S TRUE LAW OF POPULATION. 

Third Edition, 8ro, \0s, cloth, 

McCANN'S ARGENTINE PROVINCES, «S;c. 

Two vols,<y post Svo, with illustrations, price 24«. cloth, 

ROWCROFT'S TALES OF THE COLONIES. 

' Fifth EdiHon. 6s. cloth. 

GOETHE'S CONVERSATIONS WITH ECKERMANN. 

Translated by John Oxenfobd. 2 vols, post Svo, 10s, cloth, 

KAVANAGH'S WOMEN OF CHRISTIANITY 

EXEMPLARY FOR PIETY AND CHARITY. Post Svo, 
unth Po9irait8, price I2s,, in embossed cloth, gilt edges, 

KAVANAGH'S WOMAN IN FRANCE j>\mm the 

18th Century. 2 vols. Post Svo, with 8 Portraits, 12«., in embossed cloth. 
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ENGLAND IN TIME OF WAR. B7 Sydney Dobell, Author of 
•* Balder," ** The Roman," &c. Crofwn 8w, price bs, clotK 

** ' Enffland in Time of War * is a series of lyrics representinfc the emotions of those who are 
left at home to bear the passive sorrows of war, and of those who go out to brave its perils."^- 
Wutmxnsl9r Seoiew. 

*' That Mr. Dobell is a poet, ' Enffiand in time of War' bears witness in manj single Unes, and 
in two or three short poems."— iilA«narttm. 

THE CEUEL SISTER, and other Poems. Fcap. Svo, is. cloth 
POEMS. By Mrs. Frank P. Fellows. Fcap, Svo, 8«. cloth. 

** There is ranch easy simplicity in the diction, and elegant naturalness in the thonght." — 
Spectator. 

LOTA, AND OTHER PoEMS. By Devon Harris. Fcap. Svo, 4s. cloth. 

" Displaying high poetic genius and power."— ^fedte Review. 

POEMS OF PAST YEARS. By Sir Arthur Hallam Elton, 

Bart., M.P. Foolscap Svo, price 3« cloth. 
POETRY FROM LIFE. By C. M. K. Fcc^. Svo, cloth giU, be. 

** Elegant rerses. The author has a good ear, a pleasing fancy, and a refined mind."— 
Economist. 

** In some Of the pieces of this genial and pleasant relame we are reminded of good oM 
George Herbert." — Literary Oatette. 

** The characteristics of these verses are grace, tenderness, and earnestness."— ^rtVA/on 
Herald. 

** Very readable and pleasant."— Examiner. 

POEMS. By Walter R. Cassels. Foolscap Svo, price 3s. 6d. cloth. 

** Mr. Cassels has deep poetical feeling, and gives promise of real excellence. His poems are 
written sometimes with a strength of expression by no means common. In quiet narrative and 
the description of a particular state of feeling, and the presentation of a stogie thought or image, 
he shows great power."— (7tMird»a». 

GARLANDS OF VERSE. By Thomas Leigh. Fcap. Svo, bs. cl. 

** One of the best things in the * Garlands of Verse' is an Ode to Toil. There, as elsewhere, 
there is excellent ft&W-ng."— Examiner. 

** Pleasing verses, sketching nature well, and displaying Ibroe which premises fturther di^ 
^elopment."— ^/^m^ntm . 

BALDER. By Sydney Dobell. Crown Svo, Is. 6d. cloth. 

" This drama exhibits the growth of a morbid and immense ambition, its 8tn]ggles,its misery, 
ar.d its sin. A most Intimate subject for tragic presentation, this descent of the moral being 
in proportion to the proposed ascent of the intellectual, and duly fit to * purge the soul with pity 
and terror.* "— British Quarterly Review. 

** The writer has fine qualities; his level of thought is lolty, and his passion for the beautiftU 
has the truth of instinct" — Atfienceum. 

POEMS. By William Bell Scott. Foolscap Svo, vnth Three 
Etchings, price bs. cloth. 

" Mr. Scott has poetical fbeling, keen observation, deep thought, and command of language." — 
Bpectator. 

** These poems, by a Fainter, are stamped with the impress ol a masculine and vigorous 
intellect, Aill of thought and with great Ibrce of expression ."— Guardian. • 

POEMS. By Mary Maynard. Foolscap Svo, As. cloth. 

** We have rarely met with a volume of poems displaying so large an amount of power, 
blended with so much delicacy of feeling and grace of expression."- CAurcA of &tgkmd 
Quarterly. 

POEMS. By CuRRER, Ellis, and Acton Bell. Fcp. Svo, As. cloth. 

DOINE ; or, National Legends of Roumania. Translated by E. C. 
Grenyille Mubbat, Esq. With Music. Crown Svo, price 7s. 6d, cl. 



London: Printed by Skith, Eldes & Co., Little Green Arbour Court. 
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